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EXECUTIVE SUMMARY

This architecture is an evolutionary plan for modeertain maturing technologies in the architecture
ernizing the National Airspace System (NAS) andre deployed on a limited basis and assessed by
moving toward Free Flight. It incorporates newthe FAA and users. Results of the assessment will
technologies, procedures, and concepts intendbd used to modify the technologies, if required,
to meet the needs of NAS users and service pnoror to national deployment.

viders. o . .
NAS modernization is implemented in three

The publication of théNational Airspace System phases.

Architecture Version 4.tharks a major milestone

for the Federal Aviation Administration (FAA). Phase 1 (1998-2002Furrent NAS systems and
The first published version of the NAS Architec-Services are maintained while new systems such
ture (Version 2.0, October 1996) focused on suds the Standard Terminal Automation Replace-
taining existing infrastructure while evolving to-ment System (STARS), display system replace-
ward a system that supports Free Flight. VersigRent (DSR), and Wide Area Augmentation Sys-
2.0 generated over 2,200 comments and initiaté@m (WAAS) are introduced.

discussion about the need for an Air Traffic Ser . NAS Modernization Task Force recom-

vices (ATS) concept of operations for a mOderr}hended that a Free Flight Phase 1 Core Capabili-

ized NAS, aviation community needs, stabl? o
. ; les Limited Deployment (FFP1 CCLD) program
funding requirements for the FAA, and the repq implemented to mitigate risk and provide

quired pace of NAS modernization. These iSSmFﬁgth desired capabilities at selected locations

were debated, V.Vith a_ssistance from RTCA and trE)eefore the end of 2002. The NAS Architecture
Research, I_Englneerlng, and Development Adw\7ersion 4.0 incorporated the FFP1 CCLD pro-
sory Committee (REDAC). gram as an initiative to provide early user bene-
Published in December 1997, the didAS Ar- fits. FFP1 CCLD will deploy key automation ca-
chitecture commonly referred to as Version 3.Qpabilities to a limited number of sites within the
(V3.0), incorporated feedback from the aviatioNAS for formal evaluation by aviation stakehold-
community; the new ATS documer#, Concept ers and FAA operators. Each capability will be
of Operations for the National Airspace System iavaluated for operational suitability and afford-
2005; and anticipated funding levels. The drafability prior to full-scale development or deploy-
generated over 1,600 comments. In response, tment.
Administrator formed the NAS Modernization . L I :
To mitigate risk in the communications, naviga-

Task Force to examine the remaining NAS mod: o fih d
ernization issues and risks. tion, surveillance (CNS) area, many of the groun

systems, airborne avionics, decision support
This document,NationaI AirSpace Architecture tOOIS, Supporting procedures’ and training needed
Version 4.0 incorporates previous comments; into provide an integrated set of capabilities will be
put from the Administrator's Modernization Taskiested in an operational environment during the
Force; and more realistic funding profiles for reggfe Flight 21 and Alaska Capstone programs.
search, engineering, and development (R,E&D}he results of Safe Flight 21 will drive national

facilities and equipment (F&E), and operationgleployment strategies and timing for key CNS
(OPS). This architecture, which covers the periogchnologies.

1998 to 2015, is based on: (1) Bevernment/In- _

dustry Concept of Operatiomjeveloped jointly Phase 2 (2003-2007This phase concentrates on
by RTCA and the FAA(2) ATS's A Concept of deploying new CNS and automation technologies
Operations for the National Airspace System it0 support the concept of operations.

2005, and (3) a set of capabilities recommendeghase 3 (2008-2015The required infrastructure
by the RTCA Task Force 3 Report on Free FIightfor modeinizing the 5I\)I-AS wiCIII be completed. Au-

In accordance with the evolutionary developmertomation advancements integrated with new CNS
paradigm recommended by RTCA and industryechnologies will result in less restrictions and
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more Free Flight capabilities throughout thewith selective interrogation (Sl) capability will be
NAS. used in both en route and terminal airspace.

Capabilities Based on successful Safe Flight 21 demonstra-

The NAS will be modernized incrementally. Newtions and better definition of user benefits, users
systems will replace older ones, and new capabif'® expected to equip with automatic dependent
ties derived from advanced technologies and/§Urveillance broadcast (ADS-B) for air-air sur-
procedures will be added. The new capabilitieé€illance during Phase 1. If users do so, ADS,
will be a result of integrating new systems, air?@sed on ADS-B, will be implemented during
space changes, procedures, training, avionics, ahg2S€ 2 to enhance en route, terminal, and airport
rulemaking. This architecture identifies and synsurface surveillance. ADS, based on automatic
chronizes the activities necessary for fielding 4ePendent surveillance addressable (ADS-A), is
capability to provide benefits as early as is afford2lanned to provide surveillance in oceanic air-
able under current and projected funding. space in Phase 2.

The following paragraphs describe the evolutiokommunications. The FAA will transition from

of the NAS provided in the architecture by funcanalog voice and commercial service-provider
tional and domain areas. data link communications to an integrated digital

L . N communications capability. Data link communi-
Navigation, Landing, and Lighting SystemsIn  aians in Phase 1 will evolve as new applications
Phases 1 and 2, the ground-based navigation Ui, tested. Implementation of data link will re-
frastructure will transition to a satellite-based sy$y,ce voice-channel congestion and increase the

tem that uses the Global Positioning Systemyhacity of each very high frequency (VHF) fre-
(GPS) augmented by WAAS and the Local Aregency. During Phase 2, the FAA will begin re-

Augmentation System (LAAS). This satellite-gacing its analog air-ground radio infrastructure
based navigation and landing architecture wif;n digital radios (next-generation air-ground

provide the basis for NAS-wide direct routing an¢ o mmunication system (NEXCOM)). The capa-
guidance signals for precision approaches to mqgfin, of NEXCOM radios to provide digital voice
runway ends in the NAS, and it will reduce the,nq gata communications will be implemented
variety of navigation avionics required aboard aitgradually during Phases 2 and 3. Ground-ground
craft. Some ground-based navigational Systengerational and administrative communications
may be retained to back up satellite-based navidgstems will be combined into an integrated,

tion operations along principal air routes and &ound digital telecommunications system.
high-activity airports.

. . Avionics. Aircraft are expected to gradually tran-
Surveillance.The NAS architecture calls for eVO-_ivon to avionics that use satellite technology

lution from the current primary and secondary r GPS WAAS/LAAS) for navigation, landing, and

dar systems to digital radar and automatic depe porting position information to other aircraft

. , , T
dent surveillance (ADS). This change is deS|gn$§%DS_B) and surveillance systems. The GPS

to improve and extend surveillance coverage a IAAS/LAAS receivers will enable pilots to navi-
provide the necessary flexibility for Free Flight. L L
ate via direct routes and to fly precision instru-

After data from weather radars become availabf& : :
: . “ment approaches to virtually any runway. Aircraft
on the new en route controller displays (i.e

DSR), primary radar will be phased out of egﬁdios will _al_so b(_e replaced for com_pati_bility_with
route airspace. the new, digital alr-grpund communications infra-
structure. New, multifunctional cockpit displays
A new radar for approach control services (thwill show the position of nearby ADS-B-
ASR-11) will include weather-detection capabilequipped aircraft, provide moving map displays,
ity. The weather capability of the ASR-9 radaand present data-linked information, such as
will be improved with the addition of the weathemgraphical weather and notices to airmen (NOT-
system processor (WSP). Primary radars will alsbMs). Lengthy transition periods are designed
be installed at more airports for airport surfaceto the architecture to accommodate the varying

surveillance. Secondary surveillance radars (SSRYyionics transition schedules of all NAS users
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(i.e., airlines, general aviation (GA), and the Dewith new hardware, software, and operating sys-
partment of Defense (DOD)). tems. During Phase 1, new controller worksta-
tions (i.e., DSRs) will be installed and the current
Host computer hardware will be replaced with a

services will be the basis for operational planning€" computer (the Host/oceanic computer system
improvements such as receiving and sharing cofgPlacement (HOCSR)) that uses the existing
mon data and the ability to make joint pIanninéOft"‘{are applications. Controller tools such as
decisions. A systemwide computer network witlyonflict probe and the Center TRACON Automa-
standardized data formats will allow NAS infor-iion System/Traffic Management Advisor (CTAS/
mation services interoperability. The NAS-widel MA) will be implemented on outboard proces-
information services will evolve from today’s cur-Sors as part of the FFP1CCLD program. During
rent array of independent systems and varyirfghase 2, the existing software applications will be
standards to a shared environment that connetgsoded and new applications added to support air
users and service providers for traffic flow mantraffic control functions. During Phase 3, this
agement, flight service, and aviation weather irmodern computer infrastructure is expected to
formation. support advanced traffic management capabili-

Traffic Flow Management. Air traffic manage- gﬁzhtthat support the movement toward Free

ment (ATM) encompasses traffic flow manage-
ment (TFM) and air traffic control (ATC) capabil- 5eanic and Offshore.During Phase 1, manual

itiej and is d(_esignehqlto minimize air traﬁiﬁldﬁlféaircraft tracking that currently relies upon verbal
and congestion while maximizing overa _“pilot position reports will transition to satellite-
throughput, flexibility, and predictability. TFM |sag

Information Services for Collaboration and In-
formation Sharing. Integrated NAS information

the strategic planning and management of air tr ased position reports recelvec_i via data link.
ommunications between oceanic controllers and
Bilots will also be through satellite data link. Dur-
ing Phase 2, the oceanic infrastructure will be up-
TFEM capabilities are managed primarily at thgraded to use automatic data-linked position re-
Air Traffic Control System Command Centerports for automated aircraft tracking. In Phase 3,
(ATCSCC). Some functionality is distributed toas the oceanic communications, surveillance, and
traffic management units at air route traffic conautomation capabilities for air traffic management

trol centers (ARTCCs), high-activity terminal rasimprove, separation between properly equipped
dar approach control (TRACON) facilities, and agircraft will continue to be reduced.

the highest-activity airport traffic control towers

(ATCTs). The Enhanced Traffic ManagemenTerminal. A combination of ground automation
System (ETMS) will be updated with new toolsand airborne systems will allow flexible departure
For example, the new control-by-time-of-arrivaland arrival routes and reduce or eliminate speed
(CTA) tool will give users the capability to deter-and altitude restrictions. During Phases 1 and 2,
mine which flights and departure times are suithe existing terminal automation system will be
able for the capacity at the destination airporteplaced with the STARS. During Phase 2, the
The FAA will provide ground delay programterminal automation infrastructure will evolve to
(GDP) data to airline operations centers (AOCsjncorporate new air traffic control functions such
GDP data include operative airport acceptancgs ADS and weather information from the Inte-
rates, which will enable airlines to respond withy ated Terminal Weather System (ITWS). During
revised, suitable flight schedules. A further eMphase 3. the hardware and software will be im-
hancement, interactive flight plan filing, will en-y4yeq to accommodate advanced controller tools
able FAA automatiorsystems to provide feed- g, o a5 conformance monitoring, conflict detec-

back on system constraints and options 0 USe{& ' and enhanced arrival/departure sequencing.
flight plans. These tools will enable controllers to maintain
En Route. The current ARTCC computer hard-clear weather aircraft-acceptance rates at airports
ware and software infrastructure will be replaceduring inclement weather conditions.

fic demand to ensure smooth and efficient traffi
flow through FAA-controlled airspace.
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Tower/Airport Surface. The tower/airport envi- aircrews, and dispatchers. In Phase 1, two key
ronment will evolve from having minimal auto-systems will be implemented, ITWS for terminal
mation support to having expanded use of datirspace and the weather and radar processor
link, improved surface surveillance displays, an¢WWARP) for en route airspace.

decision support tools. During Phase 1, the initial

surface movement advisor (SMA), as part of thiafrastructure Management. The current decen-
FFP1 CCLD initiative, will provide airline ramp tralized method of managing equipment mainte-
control operators with arrival and departure infornance will be replaced by a centralized method
mation. New automation systems and increaséidlat will expand the FAAs reliance on remote
information exchange among airport operatonsionitoring and restoral of systems. New air traf-
and users (i.e., airline operations centers, aircrafic control equipment will include remote moni-
and surface vehicles) will be implemented duringpring and restoral features to support this man-
Phases 2 and 3 to provide dynamic surface movagement strategy. This will enable the FAA to
ment planning. This dynamic planning enablemanage the infrastructure nationally rather than
users and service providers to balance arrivalggionally and allow users to collaborate on ser-
departures, runway demand, gate changes, taite restoration priorities.

routes, and deicing requirements.

Flight Services.Flight planning information dis- Conclusion

tribution will evolve to provide easier access tqrpig grchitecture is a plan for an evolutionary ap-

information on Weather, special_ use airspa oach to NAS modernization in which current
(SUA) status, traffic management initiatives, angag capanilities are sustained or improved while

NOTAMs. During Phase 1, the current flight S€Mhew technologies are introduced. In this architec-

vice automgtion systems will be_ _replaced by thﬁjre, the FAA and the NAS users have identified
new Operational and Supportability Implementa; hich technologies are likely to provide signifi-

g?SISSySt?IImb (QASIS)' Dur_lng Phases 2. an_d ant benefits, how to evaluate them, and when to
> will be integrated with the N'.A‘S'V\"de.'r"implem(—:‘nt them (contingent on affordability).
formation network for improved information
sharing. The risks associated with some of the new tech-
Aviation Weather. The current NAS standalonenologies will be mitigated by FFP1 CCLD and the
weather systems will evolve and become intéSafe Flight 21 and Alaska Capstone programs,
grated into a weather server so that information ¥ghich provide for operational testing in a limited
single-source and shared by all systems. Weattsea prior to national deployment. Technology
information gathered and processed at the servg@rowth, funding levels, and other factors can and
will be available to users and service providers iprobably will affect the course of modernization.
a more timely manner, promoting common situtaAs new information arises, the FAA and the NAS
tional awareness and enhancing collaborative desers will collectively revise the architecture to
cisionmaking for controllers, traffic managersrefine the course of NAS modernization.
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1 PART | INTRODUCTION TO THE NAS ARCHITECTURE OVERVIEW

The National Airspace System (NAS) architecsion of previous documents and how this docu-
ture is an evolutionary plan for modernizing thenent has evolved. It also describes the modern-
NAS and moving toward Free Flight. It incorpo-ized NAS and how the various users benefit from
rates new technologies, procedures, and concefits

to meet the needs of NAS users and service p
viders.

rIgélrt I, NAS Architecture Supporting Elements,
covers the evolution of NAS capabilities and the
The NAS architecture is a result of intense Fedosts of modernization. Additionally, it summa-
eral Aviation Administration (FAA) and aviation rizes the architecture in the following areas criti-
industry involvement in capturing and restructurcal to successful NAS modernization: Free Flight
ing the requirements for a modernized, safer, afthase 1 Core Capabilities Limited Deployment
more efficient NAS. The NAS architecture de{FFP1 CCLD), Safe Flight 21, and Capstone pro-
scribes the system support, operational concep@am descriptions; risk mitigation; safety; human
schedules, human and physical resources, af@gtors; security; research, engineering, and de-
other actions essential for maintaining NAS€lopment; regulation and certification; and per-
safety, capacity, and performance. sonnel.

The modernized NAS will offer greater flexibility Details of functional area changes are described
and functionality through systems that are baséd Part Ill, NAS Architecture De_scrlptlon,_whlch
on up-to-date technology, information Sharinglntroduces_ the core of the logical arc_h|tecture.
and common data exchange evolving over timiach section addresses how that portion of the
However, during this evolution, the NAS must p&NAS is evolving. _The functional area sections ap-
sustained to operate without interruptions. pear in the following format:

This architecture is derived from internal and ex:  CVeTview

ternal briefings and reviews by the FAA and in®  Evolution

dustry groups, as well as from thousands of com- Summary of Capabilities
ments on previous releases. The architecture at- Human Factors

tempts to respond to all comments and concerns, Transition

while considering the realities of the anticipated Costs

FAA budget constraints over the next 20 years. , \yatch ltems.

Document Organization A summary is presented in Part IV. Part V, Ap-

IR_endixes, contains the list of acronyms, partici-

Q_ating organizations, references, and the NAS ca-
Babilities diagrams and matrix.

The narrative is organized to give readers a co
prehensive understanding of the entire archite
ture and to direct them to a specific portion of th
document for more detailed information. Refer
ences to source information are provided for
more in-depth understanding.

The Government/Industry Concept of Operations
Air Traffic Services’ Concept of Operations, ang v
the concepts expressed in the Free Flight Actig v Appendixes
Plan all have had a major impact on the archite| i NAS Architecture Summary
ture and are referenced throughout the documer Pat ! NAS Architecture Description

| || NAS Architecture Supporting Elements
This document is organized into five parts, a| Introduction to the NAS Architecture

shown in Figure 1-1, Roadmap of the NAS Archij
tecture Document._ Part I, Introdu_ctlon to the_ NAS igure 1-1. Roadmap of the NAS Architecture
Architecture, provides an overview and discuspocument
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The FAA understands the business needs and calocument. As needs, technology, and operating
cerns of NAS users and has attempted to addresscepts change, the architecture will be up-dated
these concerns in the NAS architecture. The al® accommodate the impact of those evolving
chitecture is both a planning tool and a “living"changes.
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2 INTRODUCTION

The release of thBIAS Architecture Version 4.0« Make the architecture executable by staying
marks a major planning milestone in the NAS within the FAA's funding projections.
modernization process. For the past 2% years, the

FAA has worked closely with the user community The aviation Community wants
to develop a better understanding of its require-

ments for a safer and more efficient NAS. _ improved Safef[)_/ and capacity,
increased flexibility, more access

to airspace, and a larger role in
decisionmaking.

2.1 Developing the Architecture

This architecture has evolved from earlier work.
NAS Architecture Version 29telease in October
1996 resulted in the submission of over 2,200 . _
comments. After the December 1997 dmgas KeYy internal and external events shaped the archi-
Architecture (Version 3.0) was distributed, overt€Cture.

1,600 comments were received. All of the comResponsiveness to Customer¥he FAA intends
ments were considered in developing this archie be more responsive to its customers—the NAS
tecture. The architecture has been coordinateders. Users clearly expressed their desire for a
within the FAA and with the aviation community.NAS that is more efficient and provides more
Appendix B lists the organizations that particibenefits. These views were stated in the RTCA
pated in the architecture’s development. An ovelFask Force 3 Free Flight repdrfhe aviation
view of Architecture Version 4.0, thBlueprint community painted a picture of a NAS that meets
for NAS Modernizationwas also published in jts needs for more flexible routes and a larger role

January 1999. in the decisionmaking process that directs NAS
This architecture has been designed to achieve ffgerations.
following principles: A draft architecture, dated August 7, was pro-

vided to the RTCA Free Flight Steering Commit-
tee for review and comments. In its response, the
» Introduce user benefits early and adapt to ussteering committee recommended that the FAA
needs release the NAS Architecture Version 4.0 as a
baseline for managing NAS modernization. The
RTCA response (see comments at the end of this
* Modernize in an evolutionary manner usingection) provided six general themes and a list of
new technologies more detailed comments on selected sections of

» Use standard components, common syster\ig,e archltect]yrtﬁ.. nge of trt1e tr;ﬁmesthare trt:eyond
and common user interfaces wherever pos 1€ scope ot this document, while other themes
ble require further discussion and consideration

within the aviation community. Most of the de-
» Ensure adequate security of systems and iteiled comments have been addressed in this doc-
formation ument; the remaining comments require addi-

onal discussion and analysis before they can be

* Ensure compatibility across systems by usin%' : .
accepted systems engineering methodologie corporated. This work is underway as the FAA

addresses the detailed transition steps in NAS
* Give users and service providers wide accegsodernization.
to NAS information

e Enhance overall NAS safety

* Maintain and enhance existing services

Modernization Plan. The White House issued

» Design the system to be adaptable and easlxecutive Order 13015, which established the
extensible as requirements change and traffithite House Commission on Aviation Safety and
grows Security after the loss of Trans World Airlines

1. RTCA Task Force 3: Free Flight Implementati@ttober 1995.
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Flight 800. Key recommendations of the commissition procedurésallow new technologies to be
sion were: (1) that the FAA should develop a reacquired and fielded in less time and at lower
vised NAS modernization plan and set a goal @ost.

the modernized system being fully operational n

tionwide by the year 2005, and (2) that the Cojz__unding. The question of adequate funding lev-

gress, the Administration, and users should d Is for modernization was publicly examined. As

. : : : : Jirected by the Federal Aviation Reauthorization
\;ﬁl(;)r?zlnnovatlve means of financing this accele Act of 1996, Public Law 104-264, the FAA Ad-

ministrator selected Coopers and Lybrand, L.L.P.,

Safety. NAS Modernization will enhance safetyto conduct an independent analysis of the FAAs
through more effective risk management in critibudgetary requirements through fiscal year 2002.
cal areas of the aviation system. Recently, thEnese results were provided to the National Civil
FAA's focused safety agenda, “Safer Skies,” iderfviation Review Commission, which was tasked
tified high-priority safety concerns. Additionally,to evaluate the state of the NAS, determine the
the FAA Administrator has established a riskeed and cost of modernization, and provide rec-
management policy and has implemented safeé®ynmendations on funding sources. The commis-
risk management as a decisionmaking tool withiflon's report clearly states that modernizing the
the FAA. Modernization will strengthen safetyading NAS infrastructure is critically important
risk management in several of these high-prioritgnd that a sufficient, stable funding source for
areas by reducing the potential for controlleghodernization and the FAA must be identified.

flight into terrain and runway incursion_s, imprOV'Concepts of OperationsTwo concepts of opera-
ing flow control of approach and landing operagons were a result of discussions between users of
tions, and providing better weather information. Nas services and FAA service providers. The

Security. Another area of great importance to th&AA Air Traffic Services (ATS) organizationd

FAA and the nation is protection of NAS aviatiorc@Ncept of Operations for the National Airspace

information systems against electronic intrusiogYStem in 200was distributed, followed by the

and disruption. Information security has becom@0vernmentindustry Concept of Operatiate-
an increasingly important component of the archl.€/0ped jointly by RTCA and the FAA. Together,

tecture and the modernization effort. A key recthe concepts of operations define the capabilities

ommendation of the White House Commission ofi"d services needed in a modernized NAS and
Aviation Safety and Security was: “The FaAProvide the general time frame for each capabil-

should establish a security system that will prdly- In this architecture docum,ent, the two con-
vide a high level of protection for all aviation in-CEPtS Of operations (i.e., ATS’s and the govern-

formation systems.” Eight months later, the Presjiént/industry’s) arejointly referred to as the

dent's Commission on Critical Infrastructure ProcONOPS. This is possible because one is from a

tection restated this recommendation as: “TheErvice provider perspective, the other reflects the

Commission recommends the FAA act immedi¥S€'S perspective.

ately to develop, establish, fund, and implementehe labor agreement with the National Air Traffic
comprehensive National Airspace System Secontrollers Association (NATCA) in late 1998 re-
rity Program to protect the modernized NAS fronglassified air traffic control facilities. The effects
information-based and other disruptions, intruof this reclassification on the total number of con-
sions, and attack.” trollers required, and their salaries, have not been

Reform. The FAA recognized that it would neeclconS|dered in the NAS Architecture Version 4.0.

personnel and acquisition reforms in order to imModernization Task Force. After distributing
plement modernization. Less restrictive personnéite draft National Airspace Architecture 1997
policies allow the right talents to be applied t¢Version 3.0) in December 1997, the Administra-
tasks in a more timely fashion. Streamlined acquier formed the NAS Modernization Task Force.

2. White House Commission on Aviation Safety and Security, Final REpbruary 12, 1997, p. 20.
3.  Federal Aviation Administration Acquisition Management System, June 1997.
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The Task Force was charged with closing the gapares safe and efficient operations (see Figure
between the FAA and the aviation community’?-1). Thousands of people operate the equipment
positions on the risks of NAS modernization. Afused to provide NAS services to the aviators and
ter consulting with industry (through RTCA), thepassengers who travel each day. The 18,000 plu
Task Force concluded that users want the benefésports in the United States are also a significant
of certain key technologies sooner than originallpart of the NAS, particularly the more than 3,300
planned for in the NAS Architecture Version 3.0airports that are the core of the national transpor-
The Task Force also recommended that users plagion system and receive grants under the Airport
a larger role in evaluating the potential benefits dfnprovement Program. Airports of national im-
modernization. This resulted in the formation oportance include all commercial service airports,
the Free Flight Phase 1 Core Capabilities Limitedll reliever airports, and selected general aviation
Deployment (FFP1 CCLD) program, which isairports.

discussed in Section 6. The main NAS users are air carriers, air cargo,

The NAS architecture balances the capabilities reommuter air carriers, air taxis, general aviation,
quested by users and service providers, the furiie military, and civilian government. Air carriers
ing level and sources that are expected to be avaipnduct scheduled and nonscheduled operations
able for modernization, the cost to users and thelsing aircraft weighing more than 7,500 pounds
ability to equip, and the FAAs ability to manageand with 9 or more seats. Commuter air carriers
the changes needed to make modernization a reednduct scheduled operations using aircraft
ity. Although other architectures are possibleyeighing less than 7,500 pounds and with less
Version 4.0 represents a plan based on a balaribgn 9 seats. Air taxi operators are air carriers

between needs and available resources. who conduct on-demand instead of scheduled op-
erations. Air cargo flights carry freight and pack-
2.2 Overview of the NAS ages but not passengers. General aviation (GA)

Today’s System.Today’s NAS is based on traffic includes private pilots, business aviation, and all
patterns of the past, operations of a regulated ifilvilian operations not included above. A wide

dustry, and information that is isolated by the limSPECtrum of government operations includes mili-
itations of obsolete computers. Additionally, actary aircraft, the Coast Guard, the Department of
commodating the growth in air traffic is con-Justice, and other government agencies.

strained by navigation and air-ground communiEach user group has special needs that must be
cations spectrum congestion. balanced within the architecture. Commercial op-
Frations account for about 95 percent of aviation’s

Above all, the entire NAS is aging rapidly. Othe
ding rapicty jmpact on the econonmfyThere are over 260,000

countries, especially those without a major inves .
ment in an existing infrastructure, have alread A pilots. The1 Department of D_efense (DOD)
begun using modern technology for their aviatio as the.worlds largest fleet, with more than
systems. This architecture will be in harmonym'ooo aircraft.

with the global community. It is the goal of thisAs a plane departs the airport, tower, terminal,
architecture and the continuing architectural praand en route controllers ensure that it does not
cess to provide the roadmap for making our avionflict with other traffic during its climb to
tion system the safest, most cost-effective, and efruising altitude. The en route controllers ensure
ficient system possible for the resources avaiseparation is maintained while en route to the des-
able. tination airspace where the aircraft is once again

The NAS is a complex collection of systems, progontrolled by terminal and tower controllers for

cedures, facilities, aircraft, and people. The NAﬁ:rival ‘."md landing. Fig_ure 2-2 graphically depicts
includes thousands of pieces of equipment in hu e various NAS domains.

dreds of locations throughout the United Statedlavigation systems provide position information
These components comprise one system that éa-aircraft during flights and for landings. The

4.  The Economic Impact of Civil Aviation on the U.S. Economy, Updat&\VBBur Smith Associates, April 1995.
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Towers Total Aircraft Airports Passengers per Year
« 264 Level | and Il 284,000 (Commercial, « 18,292 Public/Private + 546.2 Million
« 155 Level IlI, IV, and V o Commuters, GA, Military) « 671 Certificated
B Military Ops per Year
1\ + 990,000 IFR Operations

Radio Sites
+ 25,000 VHF Radios
« 15,000 UHF Radios
+ 1,285 RTR
+ 701 RCAG

Commercial Aircraft
Ops per Year
+ 25,000,000

( . A R
Other TMU Sites Weather Sites
and Data Feeds Q) . g; Q/FASRSP
Alaska, Honolulu, : i
San Juan, Canada (8), AR
Great Britain, Scotland, R N & « 594 ASOS
Contractor Analysis (13), F“ght Service . 12958:DVX(;S

\_Airlines (24), and DOD (3) Stations ATV

+ 61 Automated FSSs E « 235 DASI

+ 14 Alaskan FSSs « 20 FSDPS

HQQ% Radar Sites
o Terminals itagt 0 SR
@ . 171 TRACONs TFM Sites o ZAVLEIR Personnel
+ 3 Offshore Sites alcECepdiicincen : 40ASDE + FAA OPERATIONS PERSONNEL
* TFM Hub — Boston — 17,000 Operational Controllers
« TMUs at: . — 3,500 Flight Service Personnel
Navigation Sites « 21 ARTCC En Route Sites — 8,000 Field Maintenance Personnel
* 28 TRACON « 20 ARTCC
« 1,016 VOR - 9 Regional o . USERS
« 1,028 ILS — CAT | Offices Oceanic Sites — 665,000 Pilots
« 85ILS — CAT Il/ll * Denoted by © « 3 Centers — 2,000 Manufacturers

Figure 2-1. The NAS

The NAS is a complex collection of systems, procedures, facilities, aircraft, and people. These components
work together as one system to ensure safe and efficient operations.

FAA uses radars to provide surveillance data (i.eService providers and service users interact with
aircraft position) to controllers. each other at three levels: a strategic level (e.g.,

Automation systems assist controllers at ocean! @line decision to establish an east coast hub);

en route, terminal, and tower locations. Radios & Operational level (e.g., an airline decision on
low pilots and controllers to communicate, enWhich city to select for that hub—along with the

vice); and a tactical level (e.g., day-to-day deci-

Qons—both on the ground and in the air—on the

plan and file flight plans. Airline operations CeNyperation of the hub reaarding weather equip-
ters (AOCs) work closely with traffic flow man- mpent outages, and knowr? trafficg:] delays) » €quip
agers to plan commercial flights. Planning func- ’ '

tions help pilots account for weather and windgien the complexity of the system, the FAA
along their intended routes and also help the FAfqks to maintain a flexibility that allows users to
ensure that the demand is balanced for safe opefgnieve individual objectives. The objectives of
tions. an airline’s operations may be much different
2.3 Modernizing the NAS from those of GA or DOD operations.

Flight service stations (FSSs) assist GA pilots

Key goals of modernizing the NAS are to provid
existing services more efficiently and to provid
new services and capabilities that will move th

NAS toward a new type of operating environmerg
known as Free Flight.

his complexity also is why modernization re-
uires the active participation of all parts of the
AA and user communities. Modernizing even a
ingle NAS function, such as navigation, affects
FAA organizations and a broad range of users.
These goals must be achieved under two con-

straints: safety will not be compromised, and arfigure 2-3 illustrates the complexity of the pro-
nual costs to the FAA and users must be kept acass and the interactions and activities needed to
reasonable level. achieve modernization.

2-4 — INTRODUCTION JANUARY 1999



666T AYVNNY(

G-Z — NOILONAOYLN|

En Route

Twenty en route centers control domestic air traffic not
specifically delegated to an oceanic, terminal, or tower control
facility. The airspace extends out to 100 miles beyond the
United States coastlines and its borders with Canada and
Mexico. The en route centers operate the computer suite that
processes radar surveillance and flight planning data, reformats
it for presentation purposes, and sends it to the displays used
by controllers to track aircraft. En route centers control the
switching of voice communications between aircraft and the
center as well as between the center and other national
airspace facilities. En route centers are also interconnected to
the traffic flow management systems at the Air Traffic Control
System Command Center. Weather data are processed and
distributed by the en route centers.

v/

S

et

Terminal

Tower

Tower controllers manage and control the airspace within
approximately five miles of an airport, including taxiways and
runways on the ground. Tower controllers control ground
operations on airport taxiways and runways and departing and
landing traffic. Towers are provided with flight planning
information by the en route computer suite. Weather information
is available from the weather processing and distribution
communications network.

&=

En Route/Oceanic

SO L

Oceanic

The oceanic air traffic control centers control aircraft over
portions of the Atlantic, Arctic, and Pacific oceans. Two oceanic
centers are co-located with en route centers in New York and
Oakland, while a third is located at Anchorage, Alaska. The air
traffic control provided over the ocean is substantially different
from that provided over land, because there are no surveillance
systems that can provide exact aircraft position. Position reports
based on on-board aircraft navigational systems are radioed to
the controller. Due to the uncertainty in position report reliability,
planned overseas flight tracks must provide greater separation
margins to ensure safe flight.

Terminal

Terminal

Terminal facilities provide air traffic control services for an air
space located approximately 5 to 40 miles from an airport and
usually below 10,000 feet in altitude. The terminal controller
establishes and maintains the sequence and separation of aircraft
taking off, landing, or operating within the terminal airspace.
Terminals are interconnected with local towers and provide
surveillance and position data of aircraft under terminal control to
specialized displays within the tower. Selected terminal facilities
are interconnected to the traffic flow management systems at the
Air Traffic Control System Command Center. Flight planning
information is  provided from the en route computer suite.
Weather data are provided from the weather processing and
distribution communications network.

Figure 2-2. NAS Functional Domains
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2.4 Free Flight and airport resources through better information
The main objective of NAS modernization is€xchange and collaborative — decisionmaking
moving the NAS towards a new type of operating@™Ong users and service providers.

environment known as Free Flight. Under the current system, users file flight plans
The RTCA defines Free Flight as: along FAA-defined air routes determined by a

o . . . system of ground-based navigational aids (Na-
. - . & safe and efficient operating capability un\'/aids); however, significant “free flight” area

ger mtshtrufmenc;[ f||gt[1t rulles t":hwh'Chttt:'e Odperatogﬁavigation (i.e., more direct routing) takes place
ave the freedom 1o select their path and Speedjf,q Flight Level 290 through the National
real time. Air traffic restrictions are imposed only,
: . Route Program.
to ensure separation, to preclude exceeding air-
port capability, to prevent unauthorized flightsThe lack of flexibility of the current NAS is due
through special use airspace, and to ensure saf&dythe inherent constraints of the older technolo-
of flight. Restrictions are limited in extent and dugies used for communications, navigation, sur-
ration to correct the identified problem. Any acveillance, computer systems, and decision support
tivity which removes restrictions represents aids. The future NAS will include new technolo-

move toward Free Fligh&” gies that support capabilities that will allow users

. . . nd providers more flexibility in planning and in
Users will derive benefits from the removal Oﬁig%tpogerda?ic?nso e flexibility in pla g and
current air traffic control (ATC) constraints and '

restrictions to flight operations. The benefits willA key benefit to users will be their ability to select
be reflected in an operational environment thand use efficient flight profiles, a key aspect of
provides more efficient management of airspadéree Flight. The combination of cockpit technol-

WAAS
En Route

Avionics
~ Certification Sateliellaling Phase 3 NDB,VOR,DME
WAAS
System

|
Navaids

Rules and Phase-Down
Procedures Start

Changes
CATIA WAAS
Certification Phase 1
WAAS/LAAS
TERPS
WAAS
Approaches

Legend: AVR activity
ATS activity
ARA activity

User activity
API

Capability

OIRnE

Phase-Down
GPS >—
Satellte Certfication GATILS
Approach

WAAS CAT |
Avionics

GPS
Avionics

GPS
Avionics
Procedures

ATC
Procedures

Environmental
Analyses
(as Req'd)

Navaid
Residual
Capability

Rules and
Pracedures
Changes

LAAS CAT
System Certification

LAAS

Avionics

_______

Radio Spectrum
Availability

CATAII

Certification CAT Im
Approaches
Figure 2-3. Modernization is an Aviation-Community-Wide Task

Deploying new systems, although a significant and critical step, is not sufficient to enable new capabilities
and services. New procedures, new avionics, new rules, and public hearings are all integral to NAS modern-
ization. The FAA and user community must work together to realize the benefits of a modernized NAS.

Phase-Down
CAT N ILS

GPS Modernization

5. Free Flight Action Plan Update, April 2, 1998, pp. 2-3.
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[ Airspace System Needs ]
(RTCA Task Force 3)
v
[ FAA Strategic Plan ]
h 4
[ FAA and User Concepts of Operations ]
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NAS Architecture

[ NAS Requirements ]
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I
I
I
I
I
| [ Investment Analysis ]
I
I
I
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I

IPT Acquisitions

Regulations and
________ Procedures S |

Figure 2-4. The NAS Architecture in Context

A logical architecture, based on the FAA and the Government and Industry Concepts of Operations, the
architecture defines the path for NAS modernization. The architecture’s approach to modernization
strikes a balance between the desires of NAS users, available funding, safety, and the speed at which tran-
sitions can occur.

ogy and satellite-based navigation will enable us- A sequence of infrastructure improvements
ers to fly optimized climb profiles, and the most

efficient cruise speeds, altitudes, and routes.
Flight planners and pilots will be able to select the
most fuel-efficient routes based upon winds aloft
and fly optimal descent profiles to the destination
airport. — System acquisitions

— Personnel

— Infrastructure sustainment

FAA costs projected for research, engineer-
ing, and development (R,E&D); facilities and
equipment (F&E); and operations (OPS) bud-
gets, including:

2.5 Role of the Architecture in NAS Modern-
ization
The NAS architecture is the aviation community’s ~ User cost estimates and schedules for equi-
roadmap for modernization. It describes the Page (air carrier, regional/commuter, GA, and
schedules and costs necessary to implement the military).

capabilities and services defined in the CONOP%.5 1 Using the Architecture Within the Avia-

Figure 2-4 depicts the relationship between thgon Community
fon 11, Regulation and Ceriicaton Actvities e NAS architecture represents the FAAS o
Affectea by New NAS Architecture Capabilities mitment to th_e aviation community. It spells out
discusses the architecture’s regulatory impact in thall the vision that the FAA has fo_r the mod-

" ernized NAS, based on expected funding. It spec-
The NAS Architecture Version 4.0 is a logical arifies the steps along the modernization path and
chitecture. It provides a high-level description ofhe time frames for each. It shows FAA products,
NAS capabilities and services, the functions to b&uch as new systems or new capabilities provided
performed, their dependencies and interactiongy a combination of systems. The architecture
and the information flow to support these funcalso serves as a planning tool for the users of the
tions. This architecture contains: NAS.

e The timing of functional enhancements andhe FAA is working diligently to further under-
operational capabilities stand the users’ current aviation service needs.
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Major capital purchases, such as avionics, requineents. The success of the process depends on
long lead times. user involvement.

The architecture is a mechanism 2.5.2 Using the Architecture Within the FAA
Establishing long-range goals is a key element of

for Con.tmu.mg dlalog on NAS the FAA's strategic planning process. The archi-
modernization between the FAA o tyre provides a basis for the agency’s mission
and users. analysis and program planning and defines spe-

cific strategic objectives to be achieved by 2015.

The transition schedules in Version 4.0 assumepdter extensive coordination within the FAA and
dual operations period of 5 years or more for avihne user community, the Joint Resources Council
onics equipage. As navigational services are traftRC¥ approved the NAS architecture and desig-
sitioned to satellite-based service, the FAA wilhated it as “baseline planning guidance” for the
coordinate with users before finalizing the schedigency.

ules for phasing down Navaids or discontinuin% ] o )
ground-based services. s illustrated in Figure 2-5, the architecture plays

an important role in the FAAs new acquisition
The architecture provides direction and chamanagement system (AMS). The architecture de-
lenges for research and development from no¥¢ribes the resources needed to modernize the
through 2015. The architecture is a plan for invesdAS and meet user and service provider require-
tigating benefits, examining alternatives, and dements. It identifies the required timing and nu-
veloping applied technologies and procedures taerous links that tie various programs together.
meet the needs of aviation. Associated costs have also been estimated.

Finally, the architecture serves as a mechanighunding requirements in the mid term and beyond
for a continuing dialog between the FAA andwill be used as starting points for future invest-
NAS users and becomes the point of departure forent analyses. The JRC can use the architecture
further refinement of NAS modernization requireas a point of departure for mission need and in-

Concepts of Operations . .
Users > (Desired Capabilities) ¢ Service Providers

...drive the...

NAS Architecture ...which provides ...

Financial
Shortfall

(and Database)
...which makes decisions that are
reflected in the... *  Target Systems
* Functions
[SEOAT/ORMT]—P[ JRC/IRMC ] + Interfaces
yy ) + Target Schedules
...which recommends a + Target Costs

solution to the...

Mission Need and
Investment Analysis

...which provides a
context for the...

Architectural
Impact

Analysis

Figure 2-5. The NAS Architecture and the Acquisition Management System

The architecture provides the context for all FAA decisions. It enables decisionmakers to establish prioriie
and to understand how individual decisions affect the NAS.

6. The JRC is the FAA's top investment decision group.
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vestment decisions. Plans made by the JRC or tA&.1 Free Flight Phase 1 Core Capabilities
Administrator and decisions affecting investLimited Deployment

ments will be incorporated into the architecturgzpp1 ccLD incorporates guidance provided by
and changes will be made as required. User inpe NAS Modernization Task Force. FFP1 CCLD
to the architecture process will continue. is intended to provide early user benefits and mit
i ) i igate technical risk by implementing key automa-
The architecture provides the context for invesfis, capabilities at specific sites within the NAS,
ment analysis, with cost, schedule, and functiongd; eyaluation by aviation stakeholders and FAA
targets as starting points. It highlights the '”terd%perators. The deployments will allow computer-
pendenCies of functions and CapabilitieS. Alhuman interface (CH')' training, and Safety fac-
though the architecture provides one candidatgrs to be evaluated. After the FAA and users have
technical alternative to be analyzed, the invesgained experience and evaluated the individual
ment analysis process may consider and selggtP1 CCLD capabilities, decisions will be made
other alternatives. It provides a framework to usen whether to deploy them to additional locations.
in assessing the implications of various alterna- .
tives and the implications of changes in funding?-6-2 Safe Flight 21
schedule, or functional targets. Many of the new technologies identified for mod-
ernization have been demonstrated in the labora-
This architecture is not an end state. Rather, it W'&bry or on a limited scale, but their true benefits
continue to evolve based on the results of projecidid costs have not been conclusively established.
like Safe Flight 21, the availability of new tech-These demonstrations, while instructive, have not
nologies, new user and service provider requirgeen compelling enough to convince most NAS
ments and priorities, and funding. Work continueasers to equip with modern avionics. Safe Flight
to identify the new capabilities, systems, and a@1 provides the opportunity to take these activi-
tivities required to modernize the NAS andies to the next logical step—full operational dem-
achieve Free Flight. Funding requirements comnstration and validation, where significantly
tinue to be developed and validated. Productionore accurate user and service provider cost-ben-
and installation schedules continue to be int&fit assessments can occur.

grated to ensure that the various elements—i&yse Flight 21 deploys and evaluates certain air
cluding regulation and certification activities, neW,sfic control systems and avionics, which use
systems, user equipage, and procedurgby communications, navigation, and surveil-
changes—are brought together at the correct tinkhce technologies for determining technical risk

to provide benefits to users. and operational suitability. These new technolo-
_ o o gies include applications such as automatic de-
2.6 Near-Term Risk-Mitigation Activities pendent surveillance broadcast (ADS-B) for air-

demizi h il invol hnol air and air-ground surveillance and flight infor-
Modernizing the NAS will involve technology maiion services via data link. Avionics, certifica-

and cost risks. Some of the new technologies thal, ~and procedural development are cost and
may be used during modernization have not begBhedule risks that must be mitigated. Addition-
tested or proven in an operational environmenkjly user benefits must be conclusively proven
Of equal significance are the new procedures thggfore avionics and associated ground equipment

the Free Flight operational concept envisions. Intapital investments can be made.
portant new controller decision support tools and

aircraft air-air separation are two examples ¢}.6.3 Capstone

new capabilities that require testing and validarhe FAA Alaskan Region’s Capstone Program of
tion prior to implementation. Three key risk-miti-infrastructure modernization will provide and val-
gation strategies the architecture will use are Fragate safety and efficiency improvements recom-
Flight Phase 1 Core Capabilities Limited Deploymended in the NTSB Safety Studyiation Safety
ment (FFP1 CCLD), Safe Flight 21, and Capin Alaska Capstone focuses on safety by improv-
stone. ing infrastructure in Bethel and the surrounding

JANUARY 1999 INTRODUCTION — 2-9



NATIONAL AIRSPACE SYSTEM

area, a small portion of western Alaska. It will adand NAS user planning as well as their mitigation
dress the operating environment and aviation i9f the risks of new technology.

frastructure, weather observations and recordin
airport condition reporting, and adequacy of th
current instrument flight rules system.

ghis document describes how the NAS will
evolve consistent with th&overnment/Industry
Concept of Operationand the FAAsA Concept
of Operations for the National Airspace System in

2.7 Summary 2005
This architecture is a joint plan of the FAA and

NAS users on how to modernize the NAS. To2-8 Detailed Comments on Architecture 98
day's NAS, while safe and efficient, can be imFrom RTCA Free Flight Select Committee

proved significantly through use of new tEChnO|OThe fo||owing pages present the RTCA Free
gies and operating procedures. Successful maglight Steering Committee letter and comments
ernization depends on effective continuous FAAN the draft Architecture 1998.
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RTTA, e,
1140 Conmecticst Avense, N. W., Siite T8

Warhinglon, . . 200346

Telephoar 202-831F-011F
Facoimile 202-233 0454

Dwcember 10, 1958

The Homorabls Jane Garvey
Admeinistrator

Federnl Aviatisa Administratien
£00 Independensce Avenus
Washingion [MC. 2059]

Denr Mrs, Garvey,

Tha Fres Flight Stweering Commines spplauds the FAA'S substantial effart to develop and document &
single, coberent plan for NAS modemization. As we all sgree, the main parpose of this architecture i o
decument & plan an which both the FAA end theo users can base ipvestment decisians. We encourage the
Fih io publith Architeensne 4.0, thevetry setiing ik baseline for managing MAS modemization sctivities
md:u{.u.gm mnafy programmatic bepefin that will scerue therefrom. We alio encourage FAA to

contimun working «loss|y with the enties aviation cammunity %o moeve the very imponant neodemization
-H':rnfard-ud

A sumber of themes emerged &3 we consolidated our views abowt the architectare. They are caghured in
the smachment, aloag with mare detiled comments and concems abais selectnd sevtions of Fact [0, MAS
Architechme Description. As a way to ubderscone FAA"S past and condinging comminment o modsmizing
the MAS ns a collabarstivs, govamment (| industry endeavar, wt requast that you inclode this lomer and
the stiachment a5 part of the publiahed architecoame pacloge.

We sppreciase the opportanity to work closely with youT management team to address the issues e have
ideniified, This coflaboraticn will greatly enhance gir collestve chimods of success. We mecogmize that
sach n process is new to all of us and eotates new inminotonal challenges for you. YWe take our role

serioushy mpd will rematn regpenuble and coastnictive in o feedback.

Simcerely,
™M T Egtcww"”
Robest Baker Mnn.tnﬂelgur
Co-Chals
Free Flight Stesring Commimes Fm:F[n]M Saeeving Commifies
Attachment
Deaniled Comments on Architectere 4.0

Requirements and Technical Concepts for Awiation”
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Detailed Comtments or Architecture 98 from
RTCA Free Flight Seleet Commlitee

A number of themes emerged as the RTCA Free Flight Select Committee reviewed and
consolidated comments into & single package. They are presented below:

1. The steps in the plan need to be more benefitsdriven. Motivation for user equipage, for
example, is not addressed adequately, The document should describe the link between each
increment of operational capability and enabling technologies and its associated benefits.

2, Issues related to transition from one step to the next, such as mixed equipage, are not
addressed adequately. It is difficult to discern  series of discrete steps from this document.

The architecture does not define eetivities necessary to move between consecutive steps.

3. The architecture should acknowledge throughout, where appropriate, that lessons learned
from ongoing experiments and initiatives (e.g., Safe Flight 21) will be integrated into the
architecture and will drive technology and other refated decisions.

4. The year 2005 needs to be defined as a milestone, describing all components that will be in
place. This description should match the FAA and the Govemnment/Industry Operational
Concept for 2003, Further, the FAA should continue to apply beyond Free Flight Phase 1 the
evolutionary development paradigm thet industry / RTCA has recommended.

5. A chapter on Airspace should be included. Airspace is 2 critical national resource that must
be optimized in order for the NAS to gaia full benefit from programmed infrastructure
enhancements, emerging technology injtiatives, and procedural changes that support the
transition to Free Flight.

6. The relatively high risk of implementing automation (hardware and software) infrastructure is
not addressed adequately.

Foliowing is 4 list of more detailed comments about selected sections of the Architecture.

SECTION 15,- Navigation and Landing .

e  Architecture should clarify how phasing down of ground navigation aids will be
accomplished

¢ Sole means issve should be resolved and policy documented in the architecture

SECTION 16 - Surveillance

+ Policy should be clearly stated

»  Transition path is not clear and needs to be described

¢ Architecture should address how a mixed equlpa.ge environmenl will operate and how users
will be motivated to equip

» Technology decisions, such s Mode-8, should be based on the results of the RTCA
Surveillance subgroup and of Safe Flight 21.

SECTION 17 - Communications _
»  Architecture should acknowledge that ndustry is o record as not endorsing VDL Mode 3

s Architecture should acknowledge the COPCL Build 1 program and describe how tessons
learned will be incorporated into the NAS

SECTION 18- Avwmcs
¢ Human factors, certification, equipage and transition issues are not adsquately addressed
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Detailed Communts on Archifectare 98 firom
RTCA Free Flight Select Commitboe

SECTION 19 - NAS Information Architectore

« Archiecturs should acknowledge that MAS Information Architecturs encompassad mors than
Chid

« Dt cwnership and security issues shoubd be addnessad, and FAA policy stated

SECTION 20 - TFM _
s Architestire should chearby distinguish TFM from MAS Information Architecture and CL
* Architechss mses CTAS terms {nerchangeably. [t should imchode clear definitions of the

foliowing terma/programs: CTAS, TMA, pFAST,

SECTTON 21 - En Route o i T 1

* [Increémental, evolotonary lopment should be incorporated as developmen
pﬂhmphy}udmmhmﬁnfbﬂhﬂpﬂﬂﬁumﬂh&mﬁwnmhudﬂqlnﬂf
addressed,

SECTION 22 - Decanic : )
% Architecturs should scknowledge alternative soquisition strategy being considered for the
OCERL

SECTION 25 - Terminal

»  Aschitesture shookd acknowledge that STARS 15 & mehor risk #rea, and should define a fsk
et

. :mmﬂﬁtﬂmm;uﬁh* [t sbould insluds chear definitions of the
following terms/programs: CTAS, TMA, pFAST

SECTION 24 - Tower/Surface
s Architesrure should acknowledge the Safe Flight 21 Propram, and indicare dyat besaons
feared in ADS-B eotpériments will be fed into the Architectare.

SECTTION 25 - Flight Sturtions ) .

#  Architecture should better define transition benefits 2nd the rele of the private sector in the
pvalution of Flight Service Seation Services, s

o [ shoald be clearly stated what role commescinl services are fo play in providing weather
data

SECTION 28 - Airports

» Consider deleting this chaptes. Mast of what is covered is coversd in other chapters on
Terminal and Surface Opercations. Other aspects of airpons are aumide the scope of the
FAA's Architectine :
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3 PART Il NAS ARCHITECTURE SUPPORTING ELEMENTS OVERVIEW

Part 1l and Part Il describe the concept of how port; and (3) make economic decisions on per-
modernized NAS would operate based on thsonnel resources, skills, training, and costs.
principles published in th&overnment/Industry

Concept of OperationandA Concept of Opera- The FAA must maintain a system that includes
tions for the National Airspace System in 2006oth physical and information security. Section 9,
(referred to jointly as the CONOPS). A brief disinformation Security, outlines the security issues
cussion of each section in Part Il follows. and approaches required to protect new informa-

Based on the CONOPS, operations within théon-based systems while increasing data ex-
NAS will change as the NAS is modernized. se&hange with external users. This section also ad-
tion 4, NAS Operations, summarizes the NAS aflresses the increasing dependence on commer
chitecture from the user/pilot perspective, with &ial, “open” systems and the urgency of protect-
generalized description of flight operations anéhg ~ NAS  data  availability,  integrity,
potential user benefits in a modernized NAS.  confidentiality, and authenticity. Physical security

To ensure safety, new capabilities will be imple'-S an (_anabler of |nfo.rmat|on security; Se_ctlon 29,
mented incrementally. Section 5, Evolution o]_Facmtles and Associated Systems, provides more

NAS Capabilities, defines the three NAS moderriiformation on physical security.

ization phases and summarizes the enhanced ?tn% important for the FAA and the users to mutu-

new capabilities available to air traffic service I derstand the | t of i"q technol
providers and users. Appendix D provides gy understand th€ impact ot emerging technolo-

tailed capability drawings and a matrix for eac'€S Pefore they are implemented. Section 10, Re-
NAS modernization time period, by phase of€arch, Engineering, and Development (R,E&D),
flight. describes the R,E&D program and its relationship

, I to the NAS modernization process.
The FAA recognizes that modernization has a va-

riety of technology and acquisition risks. Sectiotandards and certification of new avionics, pro-
6, Free Flight Phase 1, Safe Flight 21, and Capedures, or systems is fundamental to maintaining
stone, describes the programs that comprise g safety and interoperability of the NAS. Sec-
NAS modernization risk-mitigation effort. The g, 19 Regulation and Certification Activities

programs evaluate new technologies and PrOC&tected by New NAS Architecture Capabilities,

dures in an operational environment to reduce iMiscusses some of the FAA'S processes used to

8_arry out the regulatory and certification mission.
“his section contains a preliminary analysis of the
regulations that will need to be revised and/or ex-

During NAS modernization, the FAAs highestpanded to accommodate NAS modernization.
priority is to ensure that the safety of the air traffic

control system is improved. Section 7, Safety, dés in most major service organizations, personnel
scribes how safety will be improved throughare the FAAs primary and most costly asset. Sec-

incremental implementation of new systems, cofion 12, Personnel, discusses the costs and overall
troller automation tools, and new cockpit avionstaffing levels by budget categories.
ics.

Because NAS operations are so comple, it is i€ overall resource requirements of a plan must
portant, from a safety and workload perspectiv@,e understood .befort_'—: it is implemented. Section
to understand the human factors implications df3, Cost Overview, discusses the costs associated
changes to the NAS. Section 8, Human Factor4ith modernization for three types of funding:
outlines the approach that will be used to: (1) dd?,E&D; facilities and equipment (F&E); and op-
velop or improve human interfaces with the syserations (OPS). The costs associated with the Air-
tem; (2) optimize human/product performancg@ort Improvement Program (AIP) are not ad-
during system operation, maintenance, and sugressed in the architecture at this time.

results will serve as a basis for user/provider de
sions on national deployment.
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4 NAS OPERATIONS

This architecture is based on designing a NAZ005, presents the service provider perspectives
that provides the level of services set forth in then NAS operations. It also incorporates Interna-
joint Government/Industry operational conceptional Civil Aviation Organization (ICAO) com-
and the Air Traffic Services (ATS) concept of opmunications, navigation, and surveillance/aero-
erations (referred to jointly as the CONOPS)nautical telecommunications network (CNS/
Both concepts of operations were coordinate@lTN) concepts. By implementing these concepts,
with the user community and take advantage tfie NAS will evolve to meet user needs for
current and emerging technologies to advanggeater flexibility and predictability and increased
NAS operations towards Free Flight. NAS effi-efficiency. Before this operational concept can be
ciency is increased while safety is enhanced bmplemented, procedures and technologies must
incorporating new communications, navigationbe further developed and validated, with an em-
and surveillance concepts with advanced automphasis on human operator considerations.

tion that_ prov!des en.hanced decision_ SUPPOfhe cONOPS proposes new or improved NAS
E?OIS' Th'f Ste?t'?n detglls thelef‘S el\:’lc.’lft'on from.apabilities and services, new facilities and equip-
It current state toward one of Free Flight. ment, and new roles for controllers, maintenance
4.1 Concept of Operations persgr_mel, and_ managers. Understanding t_he ca-
i pabilities and limitations of controllers, mainte-
The Government/Industry Select Committee fofance personnel, and pilots in current and future
Free Flight Implementation prepared a report tha{as configurations is critical to the success of

outlines a user and service provigaogram and the NAS modernization.
delineates activities for implementing the con-

cepts and capabilities of Free Flight. The reporf,"€ CONOPS s the basis for procedural, invest-
Government/Industry Operational Concept fof"€Nt. and architectural decisions on the opera-
Free Flight, presents a joint perspective of thdional capabilities and services required to
concept of operations (CONOPSINd potential achieve Free Flight.These operational concepts
procedures and technologies for achievingse &€ the first steps of implementing far-reaching
capabilities. It is intended to serve as the basis f6PNCEPLS in the evolution toward a Free Flight en-
an incremental and benefits-driven approacyjfo"ment and do not describe an end-state sys-

toward Free Flight. Free Flight allows aircraff®™:

operators to choose routes, speeds, altitudes, and Flight Planning
tactical schedules in real time, thus improving a
travel. Free Flight, which combines the flexibility
of visual flight rules (VFR) with the safety (traffic
separation capabilities) of instrument flight rule
(IFR), will offer significant potential savings in
both fuel and flight time.

fo support a strategic flight planning process, a
NAS-wide information network must distribute

%imely and consistent information for both user
and service provider planning. This information
network will provide a greater exchange of elec-
tronic data and information between users and
The ATS CONOPS, described i Concept of service providers—while simultaneously reduc-
Operations for the National Airspace System iing workloads. The flight planning process will

1. The term “service provider” refers to anyone who provides separation assurance, navigation/landing services, aviation informa
tion, search and rescue, or other assistance to NAS users. The terms “user” and “NAS user” refer to anyone who uses the air
traffic system, specifically air carriers, general aviation (GA), and the Department of Defense (DOD).

2. Inthe architecture, the term CONOPS applies to botistdvernment/Industry Operational Concept for Free Flight Air
Traffic ServicesA Concept of Operations for the National Airspace System in 2086n a specific one is referred to, it is
called out in the text.

3.  Free Flight is defined as a “safe and efficient flight operating capability under instrument flight rules (IFR) in whjrahe
tors have the freedom to select their path and speed in real time. Air traffic restrictions are only imposed to ensune, $eparati
preclude exceeding airport capacity, to prevent unauthorized flight through special use airspace (SUA), and to ensure safety of
flight.” Restrictions are limited in extent and duration to correct the identified problem. Any activity that removesostricti
represents a move toward Free Flight.
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be improved by exchange of current informatiomather than through the FSS by phone. Airborne
about pilot intentions and airspace flow restricpilots can file or change any segment of their
tions. This real-time information sharing will beflight plan by contacting air traffic control (ATC)
available to users both on the ground and in tlee the FSS. Flight service specialists log flight
air, via data link. As conditions change during thelans into the ATC system via the host computer.
planning phase or during flight, the pilot will be
able to determine the actions required to safe
continue to destination.

AS modernization will expand user support and

reamline the flight planning process. Today's
process does not inform flight planners about ex-
NAS-wide information sharing will allow in- isting and projected conditions in the NAS. The
creased collaboration between users and servi&sult is that the intended flight route may be al-
providers for resolving strategic problems. Foiered by the tactical controller after departure.
situations such as demand-capacity imbalances s increases both flight deck and controller
adverse weather en route, this capability will supvorkload. Interactive flight planning will increase
port collaboration in determining when, whereyser self-reliance for preflight services, but some
and how to initiate a ground delay program or rdevel of flight service assistance will always be
vise the route structure. Collaboration will in-vailable to users (see Section 25, Flight Ser-
crease the capability of users to minimize disrup4ces).

tions to their operations (see Figure 4-1). To support improved planning capabilities, to-

Interactive flight planning will permit airlines to day’s flight plan will be replaced by a flight pro-
monitor their aircraft fleet activities during bothfile. This profile can be as simple as the user's
routine and nonroutine (e.g., adverse weather) opteferred path or as detailed as a time-based tra-
erations, allowing better use of resources as wéictory that includes the user’s preferred path and
as cost savings. Increasingly accurate data will [geferred climb and descent profiles. The flight
distributed simultaneously to service providergrofile will be part of a larger data set called the
and all users. The data will include dynamic inflight object.

formation, such as current and forecast weathgme flight object will be available throughout the

hazardous weather condition warnings, informajuration of the flight to both users and service
tion on updated airport and airspace capacity Coproviders across the NAS. For an appropriately
straints, and special use airspace (SUA) schegquipped aircraft operating under VFR, which has
ules. requested services from the FAA, the flight object

Currently, most airline operations centers (AOC<J12y only contain the flight path, a discrete identi-

electronically auto-file flight plans directly to enfication code, current location, and necessary in-
route center host computers, while some air carf@mation to initiate search and rescue.
ers file bulk-stored flight plans with each en rout&or a flight operating under IFR, the flight object
center. Individual flight plans are filed throughwill be a much larger data set, including a pre-
the nearest flight service station (FSS). ferred trajectory coordinated individually by the
dser and supplemental information, such as the
aircraft's current weight, position, arrival and de-
arture runway preferences, or gate assignment.
Flight object information will be updated by the
user and service provider throughout the fligght.

Department of Defense (DOD) Base Operatio
file military flight plans through the FSS, or in
some cases, military pilots file directly with FS
personnel. A significant portion of general avia
tion (GA) VFR pilots do not file flight plans and
will not be required to do so. GA pilots, who doAs the planner generates the flight profile, infor-
file flight plans, interact directly with flight ser- mation on current and predicted weather condi-
vice specialists to acquire preflight briefings, tdions, traffic density, restrictions, and status of
file VFR or IFR flight plans, and to obtain in- SUAs will be available to assist the planning.
flight weather forecasts. GA pilots can file onlinéeNhen the profile is filed, it will be automatically

4.  The Flight object can be viewed as a discrete data file on the flight that is updated periodically and passed on byfitre NAS i
mation network to service providers, as needed, to support that flight.
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checked against these conditions and other cames. The operational reasons for requesting modi-
straints, such as terrain and infrastructure advisfieations or rejecting the flight profile will be
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Figure 4-1. Collaboration and Information Sharing

As information sharing increases between NAS users and operators, collaboration will increase, and

commercial aviation will be allowed greater control in making decisions that affect operating costs.
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transmitted to the planner. After approval, thé&om the airport and provides approval for vehi-

profile will be automatically distributed to servicecles to operate on airport runways. Other respon-

providers who will monitor the flight. sibilities include relaying IFR clearances, provid-
ing taxi instructions, and assisting airborne air-

Information sharing will increase over time. Ini-cat within the immediate vicinity of the airport
tially, data exchange between AOCs and the FAéee Figure 4-2).

will be the focus. As the flight object becomes

more prevalent, the information available to alft today’s busiest airports, surface operations of-
NAS users will be expanded to include timeten experience long delays. During low-visibility
based planned trajectory by flight. As informatiorweather conditions, airport operations are dramat-
sharing and collaboration increase, NAS usefsally slowed. Because communications are con-
will have greater influence on decisions that aflucted via radio, frequency congestion can in-

fect operating costs. crease the possibility of missed instructions or
confusing directions. NAS modernization will

4.3 Airport Surface Operations provide more efficient and safer surface opera-
tions for aircraft moving on runways and taxi-

Separation of aircraft in the airport surface move-
. L : -vays.

ment area is the responsibility of the airport traffic

control tower (ATCT) (see Section 24, Tower andlsers and service providers will derive significant

Airport Surface). The ATCT is also responsibldenefits from new capabilities that improve low-

for separating aircraft arriving at or departingisibility surface operations, taxi sequencing and

— + Accurate Position Data Increase
Avionics Safety and Improve Low-Visibility
» ADS-B Receiver Operations
* Moving Map + Position Data Triggers Warnings

Display _ and Alarms To Prevent Runway/
« Data Link Information Taxiway Incursions

GPS

Current Technology
* Voice- and Visual-Based
« Unlabeled Radar Targets

NAS Improvements

« Visual/Voice/Data/Electronic
Monitoring

« Full Surface Surveillance

+ Airport Traffic and Service

L d J | vewing

& JATAN

« Vehicles Tracked
Electronically in Future

Figure 4-2. Improved Surface Operations

Improved surface operations reduce the impact of low visibility at the airport. As avionics and controller
tools improve, weather-imposed delays will be minimized.
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spacing, and weather and traffic situationdlow, departing aircraft are often vectored off the
awarenessin both the tower and cockpit. Fasteistandard departure course until they can safely
and more reliable user/provider communicationgesume navigation along their filed route. The
will also be realized. The use of satellite-basealrival sequence is established by vectoring
navigation and automatic dependent surveillanegrcraft and instructing them to begin descent,
technology, updated cockpit avionics, and datsometimes well before the terminal area, which
link will provide the means for safer and moreesults in excess fuel consumption.

efficient low-visibility surface movement of
aircraft and ground vehicles. These improve
technologies will reduce the impact of low
visibility on airport operations (see Figure 4-3).

AS modernization—with augmented satellite-
ased navigation, automatic dependence surveil-
ance, data link, and fully automated traffic flow
management technologies—will support more
New traffic situation displays will allow pilots, flexible use of terminal airspace. Augmented sat-
service providers, and ground vehicle operators gllite-based navigation will increase the number
maintain situational awareness of all moving airof runways available for IFR operations by pro-
craft and vehicle traffic in their areas. This willviding precision approach capability to runways
help pilots follow taxi instructions and ground vethat lack this capability today.

hicle operators avoid conflicts with aircraft. Taxigate|lite-based navigation and automatic depen-
operations will be possible in lower runway visua§ence surveillance will be used to establish low-
range (RVR) conditions than are possible todayityde direct routes apart from the normal arrival
reducing systemwide delays caused by weather.;,q departure flows for each runway configura-

Automated conflict detection and surveillance ofion used by airports. The low-altitude routes (in-
airport movement areas, runways, and surroungluding vertical flight) will support a segment of
ing airspace will allow service providers to monithe user community that flies short routes be-
tor traffic and be alerted to possible runway incuveéen major terminal areas, providing reduced
sions. These capabilities will increase safety arfight mileage, fuel consumption, and flight times.

airport capacity, and reduce taxi delays. Current arrival and departure procedures are

Surface movement decision support systems wfigseéd on flying fixed ground site radials (course)
save time and fuel by identifying the most effiOr distances, which are often oriented away from

cient taxi sequence and routes appropriate to tH¢ destination airport. Many current arrival and

departure and arrival activities. The NAS-widéleparture procedures require aircraft to switch be-
information network will provide timely informa- tWeen ground navigational aids (Navaids) during
tion about flight routes, traffic congestion critical phases of flight. Preferential arrival and

weather conditions, and destination airport oper§€parture procedures will be developed using the
tional conditions. Safety will be enhanced by re?eW capabilities inherent in satellite-based area
ducing time between deicing operations and d&avigation. Satellite-based navigation routes and

partures. approaches will be based on an earth geo-coordi-
nate system that will provide accurate aircraft po-
4.4 Terminal Area Operations sitions in relation to desired flight paths. This will

The Terminal Radar Approach Control (TRA-aIIOW aircraft to use a greater p_ortion of _the ai_r—
CON) provides separation and sequencing of afP2ce aroun_d airports, increasing terminal air-
craft in the terminal airspace (see Section 23, TetPace capacity.

minal). Current TRACON operations consisNew cockpit and ground system technologies will
mainly of standard departure and arrival routesork together to improve traffic flow. The current

coupled with radar vectofsTo improve traffic practice of allowing pilots to maintain aircraft-to-

5.  Situational awareness is knowledge about one’s surroundings and intentions. Any improvements that can be made to increase a
pilot's situational awareness will have a direct effect on increased safety and operational efficiency. Flight managemgnt syste
data link, heads-up displays, and multiple-function cockpit displays will assist in improving pilot situational awarenigss, prov
ing that adequate human factors work is incorporated to prevent information overload.

6. Avectoris a heading issued by controllers.
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Figure 4-3. Improved Surface Movement Detection

As ADS-B equipage increases, smaller airports will benefit from better awareness of the location of aircraft
and airport traffic, thereby reducing the potential for runway incursion incidents.

aircraft separation during visual weather condiweather conditions by using simultaneous ap-
tions will be extended to instrument weather corproaches to closely spaced parallel runways. Con-
ditions, using cockpit display of traffic informa-trollers who monitor precision approaches will be
tion (station-keeping), when operationally approassisted by automation systems that more accu-
priate. Automated decision support tools will asrately track aircraft and calculate closure rates,
sist controllers in integrating departures witlvector geometries, and wake turbulence. Users
arrivals. Time-based metering techniques will beill monitor adjacent traffic via cockpit display
used to sequence and merge arrivals in accamformation, which will augment visual separa-
dance with users’ preferences. Computerized cotien (see Figure 4-4).
flict detection and resolution tools will allow ser-
vice providers to monitor arrival and departurélew terminal procedures, cockpit avionics, and
paths throughout the terminal airspace. improved navigation and automatic dependence
surveillance capabilities will enable aircraft to fly
New terminal arrival/departure routes, based ooptimum climb and descent profiles. Departing
satellite navigation, will reduce the number otircraft will be able to fly optimum climb profiles,
vectors to airport areas. Users will receive theonserving fuel and reaching cruise altitude
most expeditious route to the airport, but some raeoner. Arriving aircraft will remain at cruise alti-
dar vectoring or speed control will still be necestude and begin descent closer to the airport. Expo-
sary to merge aircraft onto final approach. Airporsure to lower-performance aircraft in low alti-
capacity will be increased during instrumentudes will be reduced.
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Figure 4-4. More Efficient Operations for Arrivals and Departures

Improved arrival and departure sequencing enables more planes to land or leave an airport during peak
operating hours. This will alleviate the need for new runways at some airports.

Airport information, including weather reports,availability of additional precision approaches
will be sent via data link to arriving aircraft ap-will provide an important safety benefit for a
proaching terminal areas. Data link will enabléarge segment of the aviation community and al-
controllers and pilots to communicate using dilow increased service to a greater number of air-
rect, addressed messages in conjunction with cyoerts.

rent voice radio communications. A direct benefit

will be increased availability of voice communi-4-5 En Route (Cruise) Operations

cations channels. Data link is also expected to rgjr route traffic control centers (ARTCCs) pro-
duce the incidence of misinterpretation and opergide en route ATC services through a ground-
tional degradation due to radio transmissioBased network of radars, communications, and
blocking. automation systems. Existing decision support

: — ... tools for en route service providers are limited.
As satellite-based navigation augmentation is im-

plemented, satellite precision approaches will bé&volving digital technologies, coupled with satel-
come available throughout the NAS. This prolite-based navigation, automatic dependent sur-
vides instrument precision approaches to marveillance capabilities, and cockpit avionics, will
airports that currently do not have this capabilitimprove the way en route air traffic is managed in
This will relieve some of the traffic congestion athe future (see Section 21, En Route). Pilot situa-
major hub airports during IFR operations, easintional awareness will be increased through im-
the workload on both pilots and controllers, whilgroved cockpit avionics. The avionics will dis-
allowing expanded use of other airports. Thelay critical flight safety information, such as
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weather, nearby traffic, terrain features, SUA stgositive separation of aircraft, while allowing
tus, notices to airmen, and significant weather adhaximum aircraft performance and flight path
visories. Cockpit displays of real-time weatherflexibility. The en route automation systems will
such as heavy rain, lightning, and other thundeenable a more flexible structuring of airspace and
storm activity, will assist pilots in avoiding haz-reduce current boundary restrictions. The airspace
ardous conditions, thereby increasing flighstructure will be evaluated and adjusted, as neces-
safety. sary, to handle the demands of traffic flow or in
ponse to weather conditions, and SUA and

Increased air traffic situational awareness of userr%;‘ . .
er NAS operational restrictions. Most en route

and service providers will allow pilots to assum mmunication and " il be done vi
more responsibility for separation, routes, alicommunication and reporting will be done via
tudes, and airspeed (i.e., Free Flight). The abiliffAt@ ik, leading to faster and more reliable in-
of air crews to dynamically select optimum ormation exchange and allowing crews to more

routes, altitudes, and speed will be enhanced (fgicier_ltly perform route and altitude planning
improved communications, navigation, and aut ee Figure 4-5).

matic d_ependent surveillance technologies. Th§ome of the existing Navaids and airway route
saves time and fuel, enabling users to make MOlfuctures will be decommissioned consistent

cost-effective decisions and increasing the NA ith th li .
flexibility. with the performance of satellite navigation.

Routes will be retained to manage continuous
Air traffic management procedures will incorpo-high-traffic densities, terrain separation, and
rate advanced decision support tools to ensugtJA, and to facilitate transition between airspace

WARS ’@'GPS WAAS '@' Ps

Fixed Fixed
Routes Routes

Next )
Generation 3
Automation

% Radar

ARTCC

Aircraft Follow User-Preferred Additional I?rgferred
} Routes for Routes and Limited Self-
Fixed Routes . . .
Equipped Aircraft Separation

Figure 4-5. Aircraft Fly Preferred Routes

Enhancement in en route navigation and surveillance will allow users to fly preferred direct and wind-
aided routes more often. This saves time and fuel, enabling users to make more cost-effective decisions and
increasing the flexibility of the NAS.
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with different separation standards. En route lowtal navigation systems (INS), to compensate for
altitude direct routes will be implemented so thahe lack of ground-based navigation systems. In-
regional, business, GA, and other users whose dirail climbs and descents are now available for
craft operate most efficiently in low altitudes caraircraft equipped with the Traffic Alert and Colli-
benefit from Free Flight. Satellite-based navigasion Avoidance System (TCAS), allowing greater
tion and procedural changes will enable lowerfuel efficiency and flexibility.

performance aircraft to fly desired routes at alti-
tudes that are optimum for fuel consumption an
cruise speeds.

ockpit traffic display avionics will extend pilot
tuational awareness. Automatic dependent sur-
veillance broadcast (ADS-B) is expected to pro-
Broadcast and processing of aircraft position ardide additional operational gains by allowing oce-
speed using automatic dependent surveillanéaic aircraft to laterally pass other aircraft at the
will support air traffic services in areas not covsame altitude by establishing an aircraft offset
ered by ground-based radar. More accurate bateack. Using cockpit displays, the pilot will be re-
metric altitude reporting will enable vertical sepasponsible for maintaining minimum lateral sepa-
ration above 29,000 feet to be reduced. The neg@ation from other aircraft and rejoining the origi-
capabilities, when available, will allow users toval flight track (see Figure 4-6).

fly optimal altitudes and flight paths, thus reducpceanic operations will improve with NAS mod-
ing flight times and fuel consumption. A global

. . . : -ernization (see Section 22, Oceanic and Off-
grid of Ioca_tlons, def!ned by latitude and lo.ng"shore). Service providers will have a surveillance
tude coordinates, will augment the remaining,,apjjity by means of automatic dependent sur-
fixed IFR routes. These grid locations will b€,gjjjance addressable (ADS-A), and new automa-
used to define routes and transition points. tion displays. New advancements in ATC deci-
sion support tools, data link communications, sur-
veillance, and navigation will facilitate merging
Currently, en route and oceanic facilities are c@tomestic en route and oceanic control methods.
located in ARTCCs, but do not share communicas a result of these new capabilities, separation
tions or automation systems. In addition, Oceangtandards may be decreased, thereby increasing
controllers rely upon pilot voice position reportgapacity.

via high-frequency radio. The vast oceanic air-

space has no ground infrastructure of Navaids g@°mmunications and coordination between users
VHF radio communications. This unique operat@nd Service providers will be improved to a real-
ing environment has forced the en route and ociile capability by means of satellite communica-
anic domains to evolve separately. As the capabf|onS (SATCOM) and/or high-frequency data link

ities in aircraft and on the ground improve, esiFDL). The FANS-1/A-based data link environ-

route and oceanic cruise operations will becor@€Nt Will volve to one that includes ICAO/ATN-

increasingly similar cpmpllant communications and application ser-
vices.

Today's oceanic operational capability is con-

. : - Any changes made to the NAS portion of oceanic
strained by lack of surveillance, poor communlcagrspace will be coordinated through ICAO. Co-

tions, and limited controller automation tools. dination and information exchange between ad-
Oceanic service providers use “time and distanc®" . ) . ) 9 .
ent flight information regions (FIR) will be

separation procedures based on periodic aircrifft ided by interfacility d I
position reports relayed by a commercial servi Ir.O\;: el y méelfl.aﬂ ity data cpr?munlt_:atlon_TI.
provider to oceanic ATC facilities. Some spe-b 'gt t par)tst ?int '3. tpr?%n%ss_lnlggng?on W,:
cially equipped aircraft (with the future air navi- € transmitted to adjacen sin ormat.
gation system (FANS-1/A)) fly flexible tracks in 4 7 Traffic Flow Management

the Central Pacific that reduce distance, sepa
tion, flight times, and fuel consumption.

4.6 Oceanic Operations

r'iaraffic flow management (TFM) optimizes air-
space capacity for all phases of flight, based on
Oceanic aircraft are equipped with the latest naviltemand and weather. The TFM system organizes
gation avionics, such as GPS receivers and indraffic nationally and locally in order to balance
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Figure 4-6. Improved Oceanic Operations

In oceanic environments, properly equipped aircraft will benefit from reduced separation standards. This
will enable them to fly more wind routes and allow limited oceanic “passing” capabilities.

capacity and demand throughout the NAS (sadate the impacts of various decisions. In this
Section 20, Traffic Flow Management). At air-manner, more efficient “game plans” between the
ports, TFM determines and manages airport aBAA and the users will be developed. These stra-
ceptance rates adjusted for winds, severe weathigic plans can then be implemented by NAS us-
runway configuration, operational factors, anakrs and service providers to ensure that operations
equipment outage. proceed smoothly and delays are minimized.

In_ the future, TFM, in collaboration with usersy g Managing the NAS Infrastructure
will employ both ground delays and airborne _ _
flight metering to manage traffic to meet the airMany internal agency functions support the array

port/sector acceptance rate. Instead of being #4-néw technologies and operations that charac-
signed arrival slots at specific times for eacffrize the modernized NAS (see Section 27, Infra-

flight, each user will be allocated a set number @tructure Management). In the maintenance area,
arrivals within a specified time frame. Users wilinfrastructure maintenance activities will be mon-

schedule departures to meet the designated arri{fgféd on a day-to-day basis. This service will be
times. based on a national perspective rather than indi-
] ] ) ) ~vidual elements of the NAS infrastructure. It will

TFM will monitor all SUA to identify availability jncrease the use of remote monitoring and control
of airspace for general use. Allocating inactiveng facilitate collaboration between service pro-
SUA to civilian users will optimize use of thisyiders and users, allowing users to participate in
shared resource. This requires strategic and tagjjoritizing scheduled and unscheduled repairs to
cal airspace management based on planned gli&ential NAS equipment.

actual movements of aircraft in real time.

To improve strategic planning, new tools will en—4'9 Summary

able the FAA and users to evaluate operational adAS modernization emphasizes user benefits,
tivities at the end of each day. The tools will simtechnology insertion, and new procedures. The
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flight-specific and generalized operational denavigation aids, and use of a dynamic collabora-
scriptions are drawn from the anticipated flightive decisionmaking process. NAS moderniza-
operations, which range from clearance delivertyon represents an approach that takes advantage
to arrival at the destination airport using NAS enef technology used in conjunction with new re-
hancements derived from the modernizatioguirements and standards. NAS modernization
plans. will help the FAA operate more efficiently and
enable the agency to be more responsive to user

The essential focus is the Free Flight vision of gquests while maintaining the highest level of
future NAS that permits users to fly without thesafety.

constraints of today’s structured routes and air-

space. Air traffic restrictions are imposed to enfhe current CONOPS is not an end state and it
sure separation, preclude exceeding airport capacil be adjusted in collaboration with the user

ity, prevent unauthorized flight through SUA, anccommunity as the NAS is modernized. The

ensure flight safety. This shift will be made possiCcONOPS will accommodate changes that will

ble by decision support tools for controllers, afikely result from lessons learned from imple-

enhanced pilot role in separation assurance usingenting new capabilities and potential benefits of
advanced cockpit avionics, use of space-basedw technology.
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5 EvOLUTION OF NAS CAPABILITIES

5.1 Introduction The principal goal of traffic flow management

In each major operating area or domain of thd FM) is to increase airspace and airport capacity
NAS, new technologies and accompanying proc&rough strategic planning, tracking, and efficient
dures and training will provide new capabilities tdactical control of aircraft. TFM will focus on
NAS users and service providers. This sectigauilding collaborative decisionmaking support
presents an overview of these capabilities arR§rvices that W|_II allow the FAA to interact Wlth
presents illustrations that, taken together, providdrines in real-time to resolve traffic congestion.
snapshots of NAS modernization over the courdeollaborative decisionmaking capabilities will be
of this architecture (1998-2015). A more detaile§nhanced by ration-by-schedule and control-by-
discussion and illustrations also appear in Appefime-of-arrival capabilities, which will augment
dix D. Figure 5-1 contains a chart of the moderrfurrent ground delay procedures. Additionally,

ization phases and the capabilities that will be inftifline operations center (AOC) automation will
plemented in each phase. be directly linked to FAA TFM to support real-

time decisionmaking between airlines and the

The schedule developed for delivery of the capgp a

bilities in the NAS architecture is constrained by

the ability to transition to new technology in NASThe following activities will be included in
operations and availability of funding. The resultPhase 1.

ing capability lists divide the implementation into

three phases. Phase 1 covers 1998 through 2002,
Phase 2 covers 2003 through 2007, and Phase 3

covers 2008 through 2015.

5.1.1 Phase 1 (1998-2002)

During Phase 1, current systems and services will
be maintained while advanced services and up-
graded systems are introduced. New technol®-
gies—such as the Global Positioning System and
Wide Area Augmentation System (GPS/WAAS),

User Request Evaluation Tool core capabilities
limited deployment (URET CCLD), automatic,
dependent surveillance broadcast (ADS-B), and
Center Terminal Radar Control Approach Control
Automation System (CTAS) (consisting of the

passive Final Approach Spacing Tool (pFAST)
and traffic management advisor single center
(TMA SC))—will be integrated through a logical

series of changes. .

Controller-pilot data link communications
(CPDLC) implementation will begin a phased ap;
proach to develop en route aeronautical telecom-
munications network (ATN)-compliant data link
services. CPDLC Build 1 and 1A will use very
high frequency digital link (VDL)-2 for the air-
ground subnetwork and will provide data link
coverage to aircraft at 10,000 feet and above.
However, voice communication will remain the
primary method of information exchange during
this period.

JANUARY 1999

Complete commissioning of airport surface
detection equipment (ASDE) with the Airport
Movement Area Safety System (AMASS)

Implement the Traffic Information Service
(TIS) on Mode-S to provide data link traffic
information to pilots

Deploy weather on display system replace-
ment (DSR) to enable integration of next-
generation weather radar (NEXRAD) weather
information into en route controller displays

Deploy ITWS stand-alone to selected airports

Initiate use of flight information service (FIS)
to the cockpit

Implement multisector oceanic data link
(ODL) at Oakland and New York facilities

Upgrade the en route, oceanic, and the TFM
systems

Begin deploying the Standard Terminal Auto-
mation Replacement System (STARS) and
DSR

Begin deployment of Free Flight Phase 1
Core Capabilities Limited Deployment (FFP1
CCLD), including collaborative decision-
making (CDM), initial surface movement ad-
visor (SMA), URET CCLD, TMA SC, and

pFAST
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Phase 1 Phase 2 Phase 3

Continue NAS Modernization and Continue NAS modernization and begin Achieve
implement limited Free Flight prototypes. transition to Free Flight. Free Flight operations.
Complete ATC DSS infrastructure sustainment and begin New “open” DSS system are installed, and new CNS New integrated ATC and TFM DSS tools allow greater sharing of
“opening” systems such as Host, STARS, and TFM. infrastructure is being deployed. Free Flight concepts are 4-D flight profiles throughout the NAS, enabling greater flexibility
Collaboration between AOC’s and ATCSCC is underway. implemented as procedural changes are made to take and planning with users. Capacity is increased as more accurate
Begin Installing new infrastructure to support more precise advantage of more collaboration with users. position reports are incorporated onto DAA tools. Installation of
position reporting and less structured routes. FFP1 CCLD is CNS is completed.
deployed and procedural changes are made to enhance
operations.
Key Technologies Key Technologies Key Technologies
*CPDLC *ADS-B Air-to-Air sLimited NEXCOM JITWS *FullNEXCOM *aFAST/WV
*WAASI/GPS *pFAST *WAAS/LAAS *STARS P?| sFull CP *NAS Info System
*URET CCLD *STARS *ADS-B Ground Stations CP *Next-Generation En Route Automation
1998-2002 2003-2007 2008-2015
Initial WAAS - URET CCLD - ITWS Stand- - LAAS Cat | - Conflict Probe - ADS-B Gap- - Integrated - CPDLC Build 3 - NAS-Wide Data
Cruise (FFP1) alone Filler Tower Area via VDL-Mode-3 Link
Surveillance
+ ASDE with - Single Center + Terminal -+ LAAS Cat ll/lll + Improved En - Integrated En + CPDLC Build 2 + NAS-Wide -+ Conflict
AMASS Metering (FFP1) Weather Route Route via VDL-Mode-3 Information Resolution with
Exchange Surveillance Surveillance Sharing Multicenter
(ASTERIXI/SI) with ADS-B Metering
- Air-Air ADS-B + pFAST (FFP1) - Enhanced - Oceanic - Improved - Integrated -+ aFAST with - Enhanced SMS - Interactive
MDCRS surveillance Weather on Terminal Wake Vortex Airborne Refile
ADS-A STARS Surveillance w/
ADS-B
Initial WAAS -+ Multi-Sector - Oceanic 50/50 nmi - Enhanced En - Multicenter - Improved CDM - ELT for SAR - FullCDM
Precision Oceanic Data Lateral/Longitudinal Route Coverage Metering with for Maintenance and Flight
Approach Link Separation Descent Advisor Activities Following
© SMA
+ Initial FIS + Expanded TWIP Improved + Flight Plan © SMS * Automatic
Terminal Evaluation Simultaneous
Surveillance \wizazi;]deorus
(ASTERIX/S]) Notification
Initial SMA + CPDLC Build-1 -+ Low Altitude © Runway - Expanded TDLS -+ Low-Altitude
(FFP1) Direct Routes - Incursion Service Direct Routes -
Using WAAS Reduction Expanded Radar
Coverage
Initial CDM - Terrain + CDM for + CPDLC Build 2 + Low-Altitude
(FFP1) Avoidance Maintenance via VDL-Mode-2 Direct Routes -
Activity Expanded
Surveillance
Coverage
+ Weather on DSR © CPDLC Build-1A

NIISAS FOVASH 1Y TVNOILVN

Figure 5-1. Modernization Phases



ARCHITECTURE — VERSION 4.0

« Begin initial collaborative decisionmakinge
between AOC and the air traffic control sys-
tem command center (ATCSCC)

* Deploy initial WAAS navigation system

e Initiate use of ADS-B air-air for improved
cockpit situational awareness

e Begin deployment of CPDLC Build 1 and
Build 1A with ATN-compliant air traffic con-
trol (ATC) data link services (e.g., CPDLC) in
en route airspace using VDL-2 for the air-
ground subnetwork.

5.1.2 Phase 2 (2003-2007)

Phase 2 automation enhancements include up-
grading and expanding CTAS, STARS pre-
planned product improvements 3(P develop- *
ment, and en route automation upgrades. STARS
P3l includes the capability to improve arrival traf-e
fic sequencing using time-based separation tech-
niques.

Free Flight concepts will be implemented with

Deploy CTAS TMA multicenter (MC) and
complete pFAST deployment

Deploy conflict probe (CP) nationally

Implement a new communication, navigation,
and surveillance (CNS) infrastructure featur-
ing the GPS, WAAS, and Local Area Aug-
mentation System (LAAS), providing virtual-
ly universal navigational coverage and instru-
ment approaches

Begin implementing CPDLC Build 2 provid-
ing ICAO-ATN compliant services using
VDL-2 air/ground network to provide data
link services between users and en route facil-
ities

Accommodate both FANS-1/A- and ATN-
equipped aircraft in oceanic airspace

Begin using oceanic data link and automatic
dependent surveillance (ADS) to reduce sepa-
ration between suitably equipped aircraft fly-
ing oceanic routes

procedural changes to take advantage of increased Begin use of GPS/ADS-B data for surveil-

collaboration capabilities with users. CPDLC ser-
vices will include Build 2 that provides Interna-
tional Civil Aviation Organization (ICAO)/ATN-

lance service in nonradar and radar areas

Implement Free Flight capabilities as proce-
dural changes are developed.

compliant services using VDL-2 air-ground net-
work. Build 2 will bring the Future Air Naviga- 5 1 3 phase 3 (2008-2015)
tion System (FANS) and domestic CPDLC mes-

sage sets closer together in format and capabilitffhase 3 automation upgrades will fully integrate
all technologies into air traffic management. This

The following activities will be included in phase will introduce the enhanced en route/oce-

Phase 2: anic system and full implementation of digital

« Implement flight plan evaluation to increasecommunications and air traffic planning tools that
collaboration with users incorporate weather prediction and advisories.

The oceanic and en route domains will employ

* Deploy surface management system (SM}milar procedures and separation methods.
service provider tools to improve surface traf-

fic movement Operations Users will have the flexibility to file new, NAS-
: . . wide 4-dimensional flight profiles. This allows

*  Deploy runway incursion reduction at seleCtine yser to meet any flight objective while provid-

ed airports ing maximum strategic planning for service pro-
+ Implement improved weather data on STARSiders. As the phase-in of new technology reaches
completion, obsolete navigation systems will be
phased down. Increased capabilities of the mod-
ernized NAS will eventually allow increased ca-
» Provide 50/50 separation services to oceanacity utilization through VFR-like flight opera-

aircraft tions in IFR conditions.

« Transition to digital radios for voice in high-
altitude en route sectors

1. Note that service-provider-operated communications services may be retained for data link that supports oceanic ATC opera-
tions and potentially as a backup capability in domestic airspace.
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Maximum runway utilization rates, aircraft per-uments were developed: tB®vernment/Industry
formance characteristics, and departure traffi©perational Concept for the Evolution of Free
schedules are balanced to produce a constant &tight was developed by the FAA and aviation
efficient flow of arriving traffic to the runway. community through the RTCA. The RCTA con-
DSS tools will assist in determining the most adeept provides a joint view of how service provider
vantageous descent point from cruise altitude, smd user interact in the new NAS. The FAAS con-
each aircraft can fly the optimum descent profileept is consistent with this documeAtConcept
for fuel efficiency. Airport, weather, TFM, and of Operations for the National Airspace System in
ATC system performance data will be available t8005 generated by FAA Air Traffic Services and
aircraft via service provider data link. approved September 30, 1997, presents the opera-
tional concept for the NAS from the perspective

The following activities will be included in of the service providers, including detailing how

Phase 3 o _ _ they interact with air traffic. Together these make
* Provide NAS-wide information sharing up the NAS concept of operations for the future,
- Provide interactive airborne refile to enablgommonly referred to as the CONOPS.

increased collaboration with users The CONOPS does not address all aspects of the

«  Provide integrated tower area surveillance fd\/AS: It assumes that many current capabilities
tower and surface will remain in place and address only those ser-

Deol H 4 SMS 1o fullv i vices and capabilities that need to be changed.
. eploy enhance to fully integrate op- ) ) . .
erations between surface and arrival/depa-tr—he NAS architecture is derived from the require-

ture operations ments of the CONOPS, and the NAS moderniza-

tion architectural diagrams show the functional
« Deploy aFAST with wake vortex at TRA- decomposition of the NAS. These diagrams are

CONs the basis for more detailed engineering diagrams
« Provide conflict resolution with multicenter that describe the implementation of capabilities in

amendments across center boundaries terdependencies and interfaces.

» Deploy NAS-wide data link via full next-gen-5.2.2 Assumptions
eration air-ground communication  systenThe following assumptions were made to define
(NEXCOM) and CPDLC Build 3 via VDL- the scope of the Capabi”ties_

Mode-3 at all high-altitude en route and high-_. - .
density terminal and tower facilities First, the capabilities addressed are derived from

the CONOPS, which focuses on changing capa-
 Begin using 4-dimensional (longitudinal, lat-pilities and assumes that existing capabilities not
eral, vertical, time) flight profiles to enableaddressed will remain as they are today.
greater flexibility and planning with users an

providers dSecond, functions are assigned to phases and ad-

dressed. It is not assumed that all sites, or even all
» Employ full use of digital communications geographic areas, of the NAS will have the capa-
for voice and data in the en route environmertilities by that time phase. The precise number of

« Provide common en route and oceaniclt€s or geographic areas where the improvements
services will be in place has not been established. In some

_ _ _ cases, single installations and prototype systems

*  Conduct visual flight rules (VFR)-like opera-are included to better show the progress of the

tions under IFR conditions. NAS modernization.
5.2 Capabilities Overview Third, aircraft equipage (i.e., data link, satellite
navigation equipment, etc.) is not to be mandated.
5.2.1 Background Traditional voice radios and ground-based navi-

In 1997, a concept of operations for a new NA§ation aids will be available far into the future.
air traffic control system was generated. Two doddowever, benefits from NAS modernization will
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be made available to aircraft commensurate wiih the NAS Modernization Capabilities matrix

the avionics equipage of the aircraft. (see Figures 5-2 through 5-4). These diagrams il-
Agstrate the changes anticipated in the NAS during
{he modernization phases as well as various
phases of flight on a capability-by-capability ba-

sis. Short textual descriptions follow each dia-
+ Flight Advisory/Preflight Includes flight gram to provide a clearer picture of what takes

planning and preflight and postflight coordi-place during that phase.
nation activities

Fourth, for the purposes of illustration, most cap
bilities have been depicted in five phases of fligh
They are:

- Tower/Airport Surface Includes takeoff, The differences in the capability “Increased Navi-

landing, gate activities, and taxi and ramp Opga_tlpn,{Landmg POS'“OP A(_:curacy and Site Avall-
erations ability” for two modernization phases for Arrival/

_ _ Departure are shown in Figures 5-2 and 5-3. Fig-
* Departure/Arrival Includes climb-out, de- ures 5-2 and 5-4 illustrate the differences in
scent, approach, and other terminal operatiofhase 1 between en route/cruise operations and

« En Route/Cruiselncludes all operations be- 'fival/departure operations.
tween and above terminal areas

A complete set of diagrams addressing the

» Oceanic Includes oceanic and offshore operchanges in the NAS capabilities throughout NAS

ations. modernization is included in Appendix D. The
. . systems engineering of all NAS capabilities is an
5'.2'3 Sample lllustration of NAS Capability ongoing process and the diagrams will be updated
Diagram periodically.
Top-level diagrams showing the major compo-
nents and the data flows between these compbhese updates will be posted to the FAA Web site
nents are available for each capability identifie¢http//www.faa.gov) as they become available.
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Figure 5-2. Increased Navigation/Landing Position Accuracy and Site Availability, Air Traffic Services
Arrival/Departure, Phase 1 (1998-2002)
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Tower/TRACON

Arrival/Departure, Phase 2 (2003-2007)
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Figure 5-3. Increased Navigation/Landing Position Accuracy and Site Availability, Air Traffic Services
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SAT NAV Monitor
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Figure 5-4. Increased Navigation/Landing Position Accuracy and Site Availability, Air Traffic Services
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Appendix D also contains a capability matrixNAS towards Free Flight. New systems by them-
which addresses air traffic service capabilitieselves do not provide new services. Capabilities
throughout the active phase of flights and NA®merge only when combined with training, proce-
management services that cross domains of fligliires, and certification/regulation, where applica-
or involve infrastructure management issues. ble.

5.3 Summary In the next section, risk management is examined.

Many NAS modernization concepts have never
Viewing NAS modernization in terms of the capabeen proven in operational use. Strategies to miti-
bilities provides insight into the complex integragate the risks of trying new technologies and pro-
tion that must be accomplished to advance tleedures are discussed.
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6 FREE FLIGHT PHASE 1, SAFE FLIGHT 21,AND CAPSTONE

The main objective of NAS modernization is tcavailable to pilots operating in an aviation-depen-
move the NAS toward a new type of flight operadent portion of western Alaska.

tipns known as Free Flight. Free Flight Wi|| allowThe following paragraphs describe the FFP1
pilots to Ch"?”g.e routes, speeds, or _altm_Jdes, 8TLD, Safe Flight 21, and Capstone programs.
n(_—:‘eded_, while in en route af.‘d Oceanic air Spacg,age programs identify and resolve risks associ-
Air traffic controllers will not impose restrictions j.oq with the development and deployment of
on p||(_)t—|n|t|at_ed c_hanges, e_xcept when t_here Few operational tools and procedures, as well as
potential conflict with other aircraft or special US&1 5se associated with training, human factors, and

air;pace_(S_UA). Thfi_ls caphability WiILfaI_Iow pilo_ts user acceptance. Additional details regarding the
to yoptlm_lzed profiles, the most efiicient Cruisey, gt and interface dependencies, on which
speeds, wind-aided routes, and arrival desc

fles. A vty that tional se capabilities depend, can be found in the
profiies. Any activity that removes operational r€y, ¢tional and domain sections of this document
strictions is a move toward Free Flight.

(Part Ill, NAS Architecture Description).
Free Flight Phase 1 Core Capabilities Limited De- . I .
ployment (FFP1 CCLD) incorporates guidancg'1 Free Flight Phase 1 C_ore Capabilities Lim-
provided by the NAS Modernization Task Force'l€d Déployment Description

FFP1 CCLD is intended to provide early useFFP1 CCLD will consist of limited deployment of
benefits and mitigate technical risk by implementcontroller automation decision support tools,
ing key automation capabilities at specific siteommunications, and traffic flow planning tools,
within the NAS, for evaluation by aviation stakewhich are a part of Air Traffic Management
holders and FAA operators. The deployments wi(ATM) capability. FFP1 CCLD will be deployed
allow computer-human interface (CHI), trainingat selected air traffic control (ATC) facilities to
and safety factors to be evaluated. After the FAAbtain and evaluate early benefits to service pro-
and the users have gained experience and evaliflers and NAS users, leveraging proven technol-
ated the individual FFP1 CCLD capabilities, deciogies with procedural enhancements. FFP1
sions will be made on whether to deploy them t&CLD will employ an evolutionary approach to
additional locations. system development and deployment that main-
tains a high level of NAS safety. FFP1 CCLD ca-
pabilities will be deployed in phases rather than as
1lly mature capabilities. FFP1 CCLD is a part of
AS modernization activities and will require in-

Safe Flight 21 will effect integration of new tech
nologies, systems, procedures, and training for
lots and controllers. Safe Flight 21 deploys an

evaluates certain air traffic control systems a astructure support from the Host replacement,

avionics that use new communications, navigqhe display system replacement (DSR), and the

tion, and fsurve|llance technologies in an OPEr&tandard Terminal Automation Replacement Sys-
tional environment. These new technologies ine

clude applications such as automated depend egq (STARS), as well as other systems and pro-
surveillance broadcast (ADS-B) for air-air anng ms. FFP1 CCLD components are:

air-ground surveillance, and flight information® Conflict probe (CP), as represented by the
services via data link. Avionics, certification, and ~ User Request Evaluation Tool core capabili-
procedural development are cost and schedule ties limited deployment (URET CCLD)

risks that must be mitigated. Additionally, uset Center TRACON Automation System

benefits must be proven before avionics and asso- (cTAS) Traffic Management Advisor Single
ciated ground equipment capital investments can Center (TMA SC)

be made. : . .
» Passive Final Approach Spacing Tool

The Alaska Capstone program will evaluate (pFAST)
safety and efficiency improvements identified by
the National Transportation Safety Board
(NTSB). The project will focus on the aviation
services, flight rules, and weather observations Initial Surface Movement Advisor (SMA).

Collaborative decisionmaking (CDM) with
airline operations centers (AOCs)
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Conflict Probe (URET CCLD). This capability awareness, especially during heavy traffic opera-
will be added at the DSR D-side (nonradar cortions.
troller) position. URET CCLD's planning capabil-

lty allows the D-side controller to manage e ability will focus on building automation tools
route user requests by identifying potential ait?hat W?,” allow the FAA and thge airlines to coordi-
traffic conflicts. It systematically checks for con- . . .

ate system resources in real time in response to

flicts between aircraft (20-minute look-ahead) . "
and between aircraft and SUA (40-minute look2/rSPace conditions. The three tools, Enhanced

ahead). If a conflict is detected, URET CCLD WiIIGrounol Delay Program, NAS Status Information,

provide the D-side controller with a visual indica-anOI _Collabor_ative R_outir)g, will provide users and
ervice providers with timely access to informa-

tion of the problem. Updated SUA status will b ion. This information sharing will be the founda-
available, and URET CCLD will automatically ign.of aSII coollab?)rativse Zﬁo?ts in NeAS mogerr?-
check flight trajectories against those data to d(te- : . : .

Ization. It will provide a common view of all NAS

termine if an airspace conflict exists. ;
data and promote a cooperative effort to manage
CTAS TMA SC. This tool will calculate meter NAS traffic. Traffic flow managers' decisionmak-

fix crossing times for all inbound aircraft to destiid Will improve because of the availability of
nation runways within air route traffic controlPEtter NAS user intent data, while NAS user deci-
center (ARTCC) airspace. CTAS TMA SC Capa_smnmaklng W|II_|mprove_ because of more tlmely
bility will operate on the radar controller's display?d complete information on NAS operational

and in the traffic management unit. It will provideStatus-

controllers with the Capablllty to develop arriva||nitia| SMA. This tool provides a one-way feed
sequence plans for selected airports and will agf arriving traffic information from the approach
sign aircraft to runways to optimize airport capaccontrol automation system to ramp control com-
ity. The CTAS TMA traffic management tool pyters for airline personnel use. Ramp controllers
computes an aircraft's estimated time of arrival. {{ill use this information to plan and manage air-
assigns a scheduled time of arrival, outer metgfaft movement to/from gates and on ramp areas.
arcs, meter fixes, and final approach fixes forhis will improve gate operations and ground

each aircraft to meet the flow constraints estagupport services, resu|ting in a reduction of taxi
lished by traffic management coordinators. Thgmes and takeoff delays.

meter list is available to the terminal radar ap- _
proach control (TRACON) facility for monitoring 1he goal of FFP1 CCLD is to evaluate these auto-
the final approach fix and runway threshold sdhated decision support capabilities by the end of

quencing when the aircraft is in TRACON air-2002 and begin national deployment during NAS
space. Modernization Phase 2. FFP1 CCLD will not be a

full-scale test of NAS modernization, but rather a
CTAS pFAST. This tool adds a new capability limited test of decision support automation sys-
that assists controllers to optimally merge and stems. The FFP1 CCLD program will be designed
quence aircraft and assign runways according 0 derive early benefits from automation system
user preferences and system constraints. It makiPgrades as part of the larger NAS modernization
mizes runway acceptance rates and meets ufépgram.
needs for operational efficiency in congested ter- .
minal airspace areas. pFAST uses flight dat§;2 Safe Flight 21
track information, and controller inputs to generThe Safe Flight 21 project has replaced the Flight
ate a set of trajectories that form the basis f@000 program. This government/industry initia-
computed runway assignments. The trajectoriéive is designed to demonstrate and validate, in a
also incorporate current weather conditions amaal-world operational environment, the capabili-
aircraft flight characteristics. The scheduled timé&es of advanced communication, navigation, and
of arrival to the assigned runway final approachurveillance technologies, associated air traffic
fix and runway threshold is then assigned. Theystems, and the pilot/controller procedures. Fol-
pFAST display will enhance controller situationalowing are Safe Flight 21 capabilities and proce-

DM. Development and deployment of this ca-
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dures, which constitute the means to move toward troller through a digital data link. This infor-
Free Flight. mation can be integrated with the radar data

Flight Information Services (FIS) for Present- at airports equipped with ASDE surface radar.

ing SUA Status, Weather, Windshear, Notices ADS-B Surveillance in Nonradar Airspace.

to Airmen (NOTAMs), and Pilot Reports  yse of ADS-B will be examined in areas out-
(PIREPS) to PilotsEnhanced graphical and  sjde of radar coverage to allow controllers to
tabular_ information W|II_ be elec_tronlcally provide separation services rather than proce-
transmitted to the cockpit. Data will be used  qural separation. Benefits expected would be

to improve the content and timeliness of rele-  increased safety, access to airspace, and route
vant flight planning information. flexibility.

Controlled Flight Into Terrain (CFIT) Avoid-

ance Through Graphical Position Display. Establish ADS-B Separation Standartide-

oo : ) . . : gration and fusion of surveillance data from
This will provide cost-effective terrain data in ADS-B and normal radar data will be tested

the CQCkp't to all airspace users for improved for the possibility of reducing separation stan-
situational awareness. dards

Improved Terminal Operations in Low-Visi- _ . -
bility Conditions.This will provide improved The Safe Flight 21 activity venues will include

situational awareness in the cockpit by usin%j'Ie Ohio Valley—with the Cargo Airline Associa-
ADS-B position information of nearby air- lon (CAA)—and in Alaska. The Safe Flight 21
craft. Data will be presented on a cockpit disProject will focus primarily on developing a suit-
play of traffic information (CDTI) to enable able avionics technology, pilot procedures for air-

the pilot to judge distance and speed of préif surveillance, and developing a compatible
ceding aircraft in marginal weather condiground-based automatic dependent surveillance

tions. This will yield benefits from increasedSystém for ATC. The Ohio Valley venue of Safe
arrival rates and access to airports. l_:llght 21 will test thr(_ae _candlda_lte avionics/data
. . link technologies for air-air surveillance. They are
Enhanced See and Avoiditegration of sev- he niversal access transceiver (UAT), the self-
eral communications, navigation, and Surve"()rganizing time division multiple access
lance (CNS) capabilities will be demonstratedsTpma) radio (also known as VHF data link-

to electronically provide improved traffic in- \jode-4, or VDL-4), and the Mode-S (1090 MHz)
formation to the pilot. Three ADS-B links gqjitter.

with CDTI (1090 MHz, UAT, and very high

frequency digital link (VDL) Mode-4) will be The Ohio Valley venue will help test avionics,

evaluated to determine which works best andhich periodically broadcasts the aircraft position

is most compatible with the NAS infrastruc-(i.e., ADS-B), derived from the Global Position-

ture. ing System/Wide Area Augmentation System

Enhance Operations for En Route Air—Air.(GPS/WAAS)'. These tests will oceurin the termi-
nal areas, which support cargo aircraft operations

Use of ADS-B, CDTI, data link, and related . o -
. ", ’ ' . t Memphis, Wilmington, Louisville, Scott AFB,
technologies will be evaluated to examine thgnd Nashville. ADS-B-equipped aircraft will be

potential for delegating separation aUthorItSZbIe to receive the broadcast and display the posi-

to the cockpit. tion of other ADS-B-equipped aircraft CDTI. Pi-
Improved Surface Navigatioifhe capability |ots will use the CDTI display to:

of ADS-B, CDTI, and data link to improve _ _ . .

the ability of the pilot to navigate on the air+ ldentify and follow aircraft in the arrival pat-

port surface in all weather conditions will be  tern, thus maintaining higher arrival rates dur-
evaluated. ing reduced visibility conditions in the termi-

nal area

Enhanced Airport Surveillance for the Con-
troller. The enhanced information provideds Provide situational awareness of the position
the pilot would also be provided to the con- of nearby aircraft.
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The Ohio Valley project will also use GPS LocaFlight 21 program. This will occur in three areas:
Area Augmentation (LAAS) avionics and theavoidance of controlled flight into terrain, proce-
CDTI display with a moving map feature to helpdural development for enhanced see-and-avoid,
pilots taxi on the airport surface during reducednd flight information services product develop-
visibility conditions. GPS LAAS avionics will ment.

provide the precise navigation position required

for arrival and surface operations. Vehicles tha&.4 Risk Mitigation

operate on the airport movement area will also he , L
equipped with comparable equipment. The FAA's Acquisition Management System re-

_ _ _ quires risk management to be conducted through-
Finally, the Alaska portion of the Safe Flight 2loyt all phases of the system life cycle. It is impor-
project will integrate ADS data and radar data tgynt to monitor risks because mission needs, sys-
determine if aircraft sep_aration stanplards can _t@@m requirements, technology opportunities, and
reduced. Except for testing use of air-air surveibrogram status change frequently. It is especially
lance to maintain higher arrival rates during remportant to continually monitor risks during

duced V|S|b|||ty conditions in the terminal areaNAS modernization because of the interdepen_
the Safe F||ght 21 program will test all of thedencies among programs.

above concepts in Alaska.

The NAS is an integrated collection of systems

As we evolve toward Free Flight, Safe Flight 2 . o
will help accelerate implementation of NAS techjfhat deliver a set of capabilities to NAS users and

nologies and approval of procedures needed 't\BAS service providers. A change in one system

achieve full operational efficiency and safety benqﬁzeid%egsnegn%fé?C(;[fogifgjgi‘oﬁést(hQabneigoer?een:OrE:
efits. This early demonstration and validation 0‘1-‘i P

operational enhancements will also serve to ré@h?éc?ﬁr\g(ieg \?vig:glrinig?;equﬁggﬁt& :—:er:rﬁ\?i ;Al‘(;
duce the near-term risk of implementing new P prog

technologies and the long-term risk and cost ﬂe%eséii'?ne:r:g'egr’naeﬂ?lﬁﬁc:ég&ﬁﬁdéar:CeiaT;'
transitioning to the remainder of the NAS. Certifi-9 : g 9

cation activities associated with Safe Flight ppercentage of projects being delivered on time,

will ensure that Free Flight technologies and pr Wwithin cost, and that meet performance expecta-

cedures will meet FAA safety requirements whil ons.

providing benefit. Risk management is an integral part of program
management, which helps implement a system

6.3 Capstone
P successfully. It can be defined as a five-step pro-

The FAA Alaskan Region's Capstone Program Qass that focuses on identifying risks, analyzing

infrastructure modernization provides and Va“Fisks, prioritizing risks, mitigating risks, and

dates safety and efficiency improvementgacing and controlling risks. These five steps

recommended in the NTSB Safety Studyre giscussed in more detail below. The goal of
(NTSB/SS95/05)Aviation Saf_ety In Alas_k&_)ap— risk management is to invest a small amount of
stone focuses on safety by improving infrastruGyoney and time, relative to the total value of the

ture in Bethel and the surroun_dlng area, a smeﬂ ogram, to reduce the probability or impact of

portion of western Alaska. It will address the opynhjanned events by taking action before a situa-
erating environment and aviation infrastructurgjon pecomes a NAS-wide issue. Risk manage-
weather observations and recording, airport Colent js preferred because the cost is lower to re-
dition reporting and adequacy of the current insoiye 4 problem early, and the time available for
strument flight rules system. A coalition of Con'developing and considering options is greater,

gress, FAA, and the Alaskan Aviation Industry, hich increases flexibility in dealing with situa-
Council supports Capstone as an essential safgpy,g

enhancement to this aviation-dependent environ-

ment. Additionally, these Alaskan modernizatiory 4 1 Risk Management Process
efforts will precede and can complement the data

collection and risk-reduction efforts of the Saf@he five steps of risk management are:
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» Identification. Risks must be identified be-
fore they can be managed. One way to ensure
more complete risk identification is to catego-
rize the risks. The categories used for NAS
modernization are:

— Technical.Technical risks are present in a
program whenever a new technology is bee
ing introduced. It is often uncertain if a sys-
tem can be built with the required perfor-
mance.

— Operational.Operational risk is the likeli-
hood that the system that is built will im-
prove the performance of NAS users or ser-
vice providers.

— Support.Support risks relate to the ability
of the system to be adequately maintained
or operated as intended, including the ade-
guacy of training.

— Cost/BenefitCost risk reflects the likeli-
hood that a program will exceed the acqui-
sition program baseline (APB). Cost-bene-
fit risk is the probability that the initiative
or activity will not deliver the benefit for
which it was developed.

— DeploymentDeployment risk is the likeli-
hood that, even though a system has been
developed successfully, there will be delays
in achieving full operating capability be-
cause procedures and policies for using the
new capabilities are not in place.

* Analysis. Risk analysis quantifies the proba-
bility of the risk event occurring and the im-
pact (consequences) on the program. Tl%e
analysis phase includes evaluating progra
dependencies that contribute to risks by in-
creasing the impact or certainty of a ris
event. To understand the total effect of a ris
and later define a priority, the risk exposur
must be considered. Risk exposure is th
combination of the risk probability and the
risk impact. As a general rule, the architecturﬁ1
assumes the higher the risk exposure, trlx
higher the priority.

e Prioritization. Prioritization helps to apply

the probability and consequences of a risk
event, the following factors are taken into ac-
count: time criticality of mitigation; time of
consequences; the cost of mitigation activi-
ties; or the perception of the importance of
the risk to the user community.

Mitigation. Risk-mitigation activities on a
single program are usually separate, parallel
activities that attempt to reduce the likelihood
that a risk event will occur, or reduce the con-
sequences of a risk event if it occurs. Risk-
mitigation activities include analyses, model-
ing, prototyping, human-in-the-loop experi-
mentation, parallel alternative development,
limited field testing, and other activities de-
signed to increase the success of implement-
ing a capability. Risk mitigation for interde-
pendent activities can be more complex. It is
critical for NAS modernization that the com-
bined risks of multiple deployments be as-
sessed as early as possible so that mitigation
plans can be implemented.

Tracking and Control. As programs that
provide new or improved capabilities for the
NAS proceed, their risks change constantly.
Every program that is practicing risk manage-
ment will perform risk tracking and control.
Periodically, risks will be evaluated and repri-
oritized and the risk management strategies
adapted accordingly.

6.4.2 Risk Mitigation in Free Flight Phase 1

CCLD

NAS evolution will use a spiral development pro-
ess. FFP1 CCLD, the first spiral development
g}ep, is designed to mitigate risk and evaluate
. early user benefits at a limited number of sites.

FP1 CCLD capability deployment will occur si-
multaneously with, and depend on, other modern-
§zation activities in NAS Modernization Phase 1.
€FP1 CCLD will identify and resolve some of the
significant risks associated with the develop-
ent/deployment of new decision support tools,
ﬁcluding procedure development, training, hu-
man factors, and user acceptance.

limited resources to effectively mitigate risk.Technical

Risk analysis estimates the risk exposure farhe future NAS will be composed of multiple
various activities. Usually, the highest exponew integrated systems. For example, in the en
sure risks are dealt with first. In addition toroute domain, Traffic Management Advisor
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(TMA), CP, data link applications processorCost/Benefits

(DLAP), weather and radar processor (WARP)zarly user benefits will help determine whether to
and Host/oceanic computer system replacemegiéploy the new capabilities beyond the limited
(HOCSR) will be connected to the NAS local areaumber of FFP1 CCLD sites. The benefits must
network (LAN). Consequently, there is a risk thagyceed the costs of implementing, deploying, op-

one system could adversely affect the operation gfating, and maintaining the systems that deliver
other systems connected to the NAS LAN. FFPthe capabilities.

CCLD will help mitigate these risks through sys-
tem engineering analysis, deployment, and evalleployment
ation at multiple select sites. Information securitfhe deployment schedule will address the ability
presents risks. Since many of the new systera$ users and service providers to accept and im-
employ open architectures and modem networkiement new systems in a timely manner. Con-
ing techniques to distribute and collect informaeerns include training schedules, system integra-
tion, these systems are vulnerable. These vulnetidn into existing infrastructure, and availability
bilities must be resolved in the early developmenf technical staff to perform the installation.
stage so that risk and cost are minimized.
6.4.3 Risk Mitigation in Safe Flight 21

Operational Safe Flight 21 will provide early field experience

. . to determine the operational acceptability and
The concept of operations cannot be met withoypefits of proposed new CNS technologies and
new procedures and policies. Information proggpapilities, thus mitigating national deployment

vided by new capabilities will introduce coordinayigks The following describes some of the risks to
tion risks that will require changes in NAS particyq mitigated.

ipants' roles and responsibilities. Substituting data
link messages for voice messages from controll@echnical

to pilots will require new pilot-to-controller ac- safe Flight 21 risk-mitigation areas include certi-
knowledgment procedures. The objective Ofication of avionics and ground systems, require-

CPDLC Build 1 is to test initial procedures angnent stabilization, information security, systems
then refine and validate these procedures prior figtegration, and standards.

national deployment.

Operational
New capabllmes_must be'operatlonal_ly acceptablgisk will be reduced through development and
in order for service providers and aircraft opergsajigation of new controller and pilot procedures.

tors to use them. Even though the capabilities Wfy|idation of initial user benefits will be accom-
have been demonstrated and S|mu|ated, therEp!%hed in an Operational environment.

still a risk that they may not be operationally ac-

ceptable. FFP1 CCLD will mitigate this riskCost/Benefits

through limited deployment and working out theProducts used to provide improved capabilities
human factor issues. This will help determine pewill be assessed for reliability and ease of use.
formance tradeoffs for operational acceptabilitgafe Flight 21 will enable user avionics equipage
and identify unknown human factor issues. Alcosts to be accurately determined.

though the new capabilities that make up FFP1

CCLD are designed to produce benefits indepeReployment

dent of deployment site, sites differ in many reSafe Flight 21 will mitigate deployment schedule
spects. There is a risk that specific capabilitiassks by involving the user community in the de-
may not be operationally suitable at other sitegelopment and use of new avionics and related
FFP1 CCLD addresses this risk by deployingperational capabilities. User recognition of the
some capabilities to sites with different charactebenefits derived from these new capabilities will
istics. Evaluating the operational suitability atncourage avionics equipage and ensure ground
various sites will help define the criteria for nasystems deployment in a timely manner. The
tional deployment. schedule will be harmonized with the rate of avi-
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onics equipage. Experience gained through Saf®st/Benefits and Deployment
Flight 21 is expected to expedite the certificatiogyhstone will provide the initial data collection

of new avionics and ground systems. for making risk-reducing decisions.
6.4.4 Risk Mitigation in Capstone 6.5 Summary
Technical The Architecture Version 4.0 provides a disci-

c : e . _ tplined, structured, phased approach to changing
-apstone rlsk—r_nltlganon areas include initial ce the NAS. The architecture uses appropriate pro-
tification of avionics and ground Systems, régram management techniques that rely on risk
guirement stabilization, systems integration, al anagement. As described earlier, FFP1 CCLD,
standards. Safe Flight 21, and Capstone will serve to miti-
gate risks in modernizing the NAS. Using the
five-step approach and adopting a spiral evolu-
Risk will be reduced through development andonary strategy that includes FFP1 CCLD, Safe
validation of new controller and pilot proceduresFlight 21, and Capstone, the NAS architecture ap-
Validation of initial user benefits will be accom-plies sound risk-management principles to meet-
plished in an operational environment. ing the modernization objectives.

Operational
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7 SAFETY

To maintain the confidence that the aviatiom
community and the flying public have in the
NAS, the FAA is addressing system safety issues
associated with modernization. Aviation system
safety is the top priority of the FAA, and it will
continue to be the top priority as the NAS is mod-
ernized and as capacity, efficiency, and flexibility
increase.

First, system safety will be enhanced through in-
cremental implementation of new systems while
legacy systems continue operation. Second, NAS
safety will be enhanced as new technology is
introduced and system safety principles are
applied in their design. Human performance con-
siderations will be incorporated in the advanced
automation technology. New and improved tech-
nology will provide pilots and controllers with
better information for flight planning and opera-
tions and increased situational awareness, and en-
hanced decision support tools will increase effi
ciency.

Situational awareness is essential to safe flight.
Modernization aims to enhance navigation/sts{]-)
tion-keeping, in-flight collision awareness/avoidg)
ance, terrain and obstacle awareness/avoidance,

Hazards are identified, tracked, evaluated,
and eliminated, or the associated risk is
reduced to an acceptable level

Historical safety data and lessons learned are
considered and used

Minimum risk is sought in accepting and
using new technology, materials, designs, or
operational techniques

Actions are taken to eliminate hazards or
reduce risks to an acceptable level

Changes in design, configuration, or require-
ments are accomplished in a manner that
maintains an acceptable risk level

Significant safety information is documented,
stored, and used in applicable designs and
specifications.

.The order of priority for satisfying system safety
requirements and resolving identified hazards will
be to:

Design for minimum risk

Incorporate safety devices

airspace boundary awareness, weather awarenéds, Provide warning devices

and onboard surveillance. Other aircraft and flighty
planning related applications will also be pro-

Develop procedures and training.

vided. Advancements in technology will supportf e high safety levels of our current aviation sys-
situational awareness without taking pilots out gem stem from effective risk management, which
the loop and without reducing the time for essens based on the following complementary factors:

tial functions such as scanning the airspace.

Safety will be built in from the beginning by iden-
tifying where modernization initiatives will re- ,
quire major changes in safety risk management
procedures and by applying system safety princi-
ples to their development. System safety princt-
ples use risk management techniques to systemat-
ically identify safety-related risks and provide,
mitigation to ensure that these risks are eliminated
or controlled to an acceptable level. The system
safety process includes hazard analysis, risk as-
sessment, risk mitigation, and risk management.
Objectives of system safety programs are to de-
sign a systematic approach to make sure that:

Redundancy in certified air traffic control
equipment

Recognized air traffic control standards and
procedures

Thorough controller and aircrew training and
certification

Thorough maintenance technician training
and certification

Evolutionary improvements in aircraft
design, crew training, operational procedures,
and supporting technologies.

These complementary factors are the foundation

« Safety is designed into the system in a costf safety-related risk management and the pub-

effective manner
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It is important to assess any changes in the NASsipported by airport development and the formu-
from a system safety viewpoint—for examplelation of instrument procedures.
how changes will affect interfaces, interactions

and redundancies that contribute to the aviatid@‘rGVIeW of National Transportation Safety Board

system’s inherent safety. Before use, each comp o-rl;cﬁl?()je?%daetn; St?élzgﬁzsfov(/imevgrgg:;j digaggit
nent of the new architecture will be thoroughlf bp

tested to ensure that safety is not degraded by n wdance (precision approaches) are several times

hardware, software, or procedures. This asse %5S likely to experience an aCC'deF‘t than ap-
ment is also required by FAA Order 8040.4. proaches that lack vertical descent guidance (non-

precision approaches). A related study by the
7.1 NAS Capabilities Flight Safety Foundation came to the same con-

NAS modernization will enhance safety througff'usions for international air operatiohs.

more effective risk management in critical areas 1 5 grveillance

of the aviation system. Recently, the FAAs fo- o _ _
cused safety agenda, “Safer Skies,” identifie§he entire inventory of terminal primary radar

high-priority safety concerns. Additionally, theSyStems will become di_gital as the airport surveil-
FAA administrator has established a risk managince radar (ASR)-11 is completely fielded, and
ment policy and has implemented safety risRSR-7 and ASR-8 equipment is decommis-

management as a decisionmaking tool within theloned. Digital radars, for technological reasons,
FAA. Modernization will strengthen safety risk&ré more capable of detecting smaller aircraft at
management in several of these high-priority aloW altitudes, particularly in background clutter

eas by reducing the potential for controlled flighfonditions. ASR-9 and ASR-11 digital radar sys-
into terrain and runway incursions, improvingl€Ms also provide an improved weather detection
flow control of approach and landing operations2nd display capability. These improved capabili-
and providing better weather information. Thdl€S can improve safety in terminal airspace.

following paragraphs describe specific architecrpe entire secondary surveillance radar (SSR) in-
tural changes that can improve NAS safety.  yentory will migrate to a selective interrogation
7.1.1 Navigation, Landing, and Lighting capabmty._'l_'hls capability Wlll be modified to ac-

S ' ) quire position and velocity data from aircraft
The navigation and landing portion of the NASquipped with automatic dependent surveillance
architecture provides system safety improvemeng$oadcast (ADS-B) via ground-initiated commu-
by: nications broadcast (GICB).

* Replacing existing ground-based nonprecigpg information will improve target-tracking ac-
sion approaches (i.e., approaches dependeqfacy and enhance the functionality of various
on horizontal guidance from ground-based; .y 4tfic control decision support system (DSS)
havigation aids) with more precise Global,q s gych as conflict alert, conflict probe, trial
Positioning System/Wide Area Augmentatio lanning, descent advisor (DA), Final Approach
System/Local Area Augmentation S_ys_te pacing Tool (FAST), etc. Improved surveillance
(GPS/WAAS/LAAS) approach capabilities, o¢cracy and tracking, linked with DSSs, will sig-
which provide vertical descent guidance to a ificantly aid controllers in separating aircraft
GPS approaches from other aircraft, obstacles, and special use air-

« Combining GPS with cockpit electronic mapsspace (SUA).

of terrain to enhance cockpit SItuatlonabockpit display of traffic information (CDTI), in-

awareness. corporating ADS-B information, will display
Eventually, a GPS-based approach will be avaikearby traffic, further enhancing cockpit situa-
able at almost every location within the NASfional awareness and safety.

1. Based on areview by FAA's National Aviation Safety Data Analysis Center of the National Transportation Safety Board acci-
dent statistics covering 1983 through 1996 and a 1996 Flight Safety Foundation report covering worldwide commercial jet
transport accidents, 1958-1995.
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7.1.3 Communications all previous nonprecision instrument procedures

New digital communications systems, incIudin@UCh as very hlgh fre_quenc_y anldlrectlonal
data link, are expected to decrease verbal air trdfnge (VOR), tactical air navigation (TACAN),
fic control (ATC) miscommunication of informa- @utomatic direction flnder_ (ADF), nondirectional
tion such as headings, altitudes, or runway cledt¢acon (NDB), and localizer (LOC). These non-
ances. Flight information service (FIS) data linrécision approach methods currently depend
will provide other flight safety information suchupon the pilot to establish a suitable rate of de-
as current and forecast weather information, nof€ent to arrive at the minimum descent altitude at
fication of navigational equipment status, airfiel®" before the missed-approach point.
fons.allow contrllers to communicate more efS & Practical matter—and putting aside the trad-
fectively with aircraft in a congested voice radié['on.al. association of precision approaches with
environment. decision hglghts of 200 feet or less—all GPS pro-
cedures will be capable of being used to fly preci-
Traffic information service (TIS) will support sion approaches (i.e., with both course and verti-
cockpit displays of other nearby aircraft and caltal guidance). Precision approaches are an im-
attention to those that are on a converging or iprovement over nonprecision approaches in main-
tersecting path. For time-critical applicationstaining obstacle/terrain clearance. This satellite-
continuous and automatic information updatelsased navigation capability could decrease risks

will be possible via data link services. associated with controlled flight into terrain—one

Safety can be improved in many areas by efRf _thg most common types of fatal accidents in
hanced communications. For example, informa&Viation.

tion about aircraft position is essential to situe%/

. - ) . /AAS can also improve the accuracy of ground
tional awareness and collision avoidance. Aircra

flight object information and enhanced surveil: roximity waming systems and, in conjunction
lance information will be necessary for flights inWlth dlglta-l terrain _data ba_lses, could fur_ther_ re-
duce the risk associated with controlled flight into
areas that do not have radar coverage. terrain.
Weather advisory information disseminated
through automatic terminal information servic€PS (augmented by WAAS to meet system
(ATIS) and data link can give pilots more time|ysafety, availability, and reliability requirements) is
warnings of hazardous weather and other airpdtpected to be the basis for improved situational
conditions. The next-generation air-ground conAwareness through the use of ADS-B and CDTI.
munications system (NEXCOM) will improve Satellite systems also improve navigation on the
voice communications and data link services, pr@irport surface during reduced visibility condi-
viding both on the same digital radios. NEXCOMiONs via a moving map display that helps flight
will increase the number of usable radio frequeréfews maintain orientation, even with reduced vi-

cies, enabling better air traffic management.  sual references.

7.1.4 Avionics Data link services can aid pilots and controllers

Increased navigational accuracy of GPS-basdy Providing quicker and more accurate data ex-
avionics and nearly universal availability of Gp$hange. Weather data exchange will give pilots a
signals are important improvements over todaygreater understanding of the winds and weather in
navigation aids. GPS, WAAS, and LAAS avion2 Planned flight path. Digital radios will enable

ics will provide approach course and vertical dec_leareTI voice céommulnlcatlon betvx_/t()elen pilots z?nd
scent guidance fo pilots for instrument aptontrollers and are less susceptible to interfer-

proaches. ence.

WAAS-augmented GPS will provide a navigaModernization attempts to increase situational

tional signal in space down to Category | (CAT Iawareness and support future operations through
minimums at suitably equipped airports. This caauman-centered decision support technologies for
pability alone is an important improvement ovepilots, controllers, and planners.
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7.1.5 Information Services for Collaboration traffic services to increasing portions of en route
and Information Sharing airspace.

Information sharing facilitates controller-pilot7 1 g Oceanic

collaboration. Local and NAS-level common m_The use of satellite communications (SATCOM)

formation services will be used to provide infor- . . :
mation to pilots and traffic flow planners. Bettel‘glnd high frequency data link (HFDL) by oceanic

information can allow selection of the most effecS€"ViCe providers and users will provide real-time
tive route to destination and alternate airfield angPmmunications _and ele_ctronlc message routing.
can provide warning of hazardous conditions. Ad-hIS cap_abll!ty will constitute the basis for ADS
ditionally, providing real-time weather informa-'"" ©C€anic airspace and give cont_rolle_rs more ac-
tion directly to aircrews is essential to identifyin urate positional data on oceanlc_ﬂlghts. This
hazardous weather conditions. Flight safety ¢ provement should allqw a r_edu_ctlon In separ-
be enhanced by automatic, simultaneous broad on distances and still maintain or Improve
cast to the flight deck and service providers gfety over the current levels. NeV.V oceanic con-
hazardous weather alerts for windshear, mjiCt probe and conflict alert _deC'S'Or_‘ support
crobursts, and gust fronts, as well as icing, turb pols can be used to help Service providers detect
lence, and thunderstorm information. For thgtnd resolve potential conflicts and help prevent

foreseeable future, voice transmission will aIsSOntm"ed aircraft from entering restricted air-
continue. Sp

More timely NAS status information, such as runf-1-9 Terminal

way closings, airport construction, or temporargontrollers will use improved automated conflict
obstructions, can help aircrews avoid hazards adétection tools and enhanced ATC displays to
be better prepared if navigation or airfield faciliseparate aircraft from other aircraft (those either

ties become inoperative. on the ground or in the air) and from restricted
_ airspace, terrain, and hazardous weather. Control-
7.1.6 Traffic Flow Management lers will use integrated weather information, in-

Traffic flow management (TFM) decision suppor€luding windshear and microburst alerts, to assist
systems (DSS) work to mitigate demand-capacif§ilots in avoiding hazardous weather and to im-
imbalances through early prediction and collabdifove the flow of traffic in terminal airspace.
rative resolution. These systems will allow bettef00IS, such as Controller Automation Spacing
use of system capacity without unsafely overloadtid (CASA) and Converging Runway Display

ing either controllers or pilots. Aid (CRDA), allow controllers to refine the ar-
rival flow of converging aircraft to the primary
7.1.7 En Route airport, increasing airport capacity while main-

ning safe separation standards. Advanced tacti-
| flow control tools, such as active FAST and

A, promote a steadier flow of aircraft into the
terminal airspace.

Automated tools are expected to further improv@'
collision avoidance and reduce operational erro
and deviations. New DSSs, such as confli
probe, can monitor aircraft position, predict po
tential conflicts, and suggest resolutions further ifa 1 10 Tower/Airport Surface
advance than can current alerts. Traffic Manag
ment Advisor (TMA) will calculate a more effi-
cient and orderly sequence of arriving aircraft
they approach the terminal area.

Riew airport surface detection equipment
a(éASDE-3) combined with the airport movement
area safety system (AMASS) will alert controllers
to potential conflicts between arriving aircraft and
Other tools can send ground proximity alerts teurface traffic and between aircraft and vehicles
help mitigate controlled flight into terrain risk andat 34 high-use airports. Additional radar and con-
provide alerts to warn of potential flight into re-flict-alerting systems are being planned for other
stricted airspace. The planned use of automatdrports. Satellite-based navigation systems, in-
dependent surveillance (ADS) in nonradar area$uding those augmented by LAAS, improve situ-
will extend the benefits associated with radar aational awareness for surface operations. Integrat-
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ing ADS data with radar data and enhanced AT@roviders for the development of FIS products.
displays for airport surface surveillance will fur-Commercial providers may make basic FIS

ther improve surface conflict detection. products available, at no cost to the government
. _ or the user, and may make value-added products
7.1.11 Flight Planning available for a fee.

'I_'he Operational and Supportability ImIC)l‘_:"memaCurrent and predicted hazardous weather data
tion System (OASIS) at the automated flight Setz;y e jntegrated and presented on controller dis-

vice_stations (AFSSs) collects information fro lays. Weather data down-linked from aircraft re-
multiple weather sensors, FAA systems, and oth Brting in-flight conditions will improve weather

sourﬁgs. OASIS. prO\éidbe_s f_improvec_j weath_ recasts. Integrated weather products will be up-
graphics, route-oriented Dbriefings, notices 10 alfz,aq 1o the cockpit, initially by FIS to assist pi-

. [
men . (NOTAMS.)’ and .SUA not|f|c§1t|ons "?mdlots in avoiding hazardous weather. An improved
warnings. This information is essential for fligh

. . MgNtyng shared view of weather information among
planning and can be very important during &;.creys, controllers, dispatchers, and meteorolo-
f"ghF- Data I_|nk Improves |n—fl!ght access to ﬂlghtgists enhances weather communications by in-
service station (FSS) specialists. creasing understanding of weather and permitting
7.1.12 Weather collaborative replanning of flights.

Improvements in detecting and forecasting.1.13 NAS Infrastructure Management
weather can help aircraft avoid hazardous weather ~ System

situations. The airport surveillance radar-weathef, o NAS maintenance workforce will have criti-

system processor (ASR-WSP) expands NAg‘aI NAS component status information available

§or remote diagnosis of system problems. A fully
&%lded maintenance management system will al-

; , Ufsv technicians to provide more timely and effec-
windshear, microburst, and gust front alphanyy,e maintenance of the NAS infrastructure.

meric and graphic forecast products to providgeater availability, quicker restoration, and im-

improved automated weather information ang,eq reliability of NAS infrastructure compo-
predictions. Broadcasting ITWS information Vig,ants will enhance the NAS.

the terminal weather information for pilots
(TWIP) system to aircraft in or approaching ter7.2 Safety Metrics

”?‘”a' airsp_ace also gives piIots_a _bgtter Opportlé’everal data sources are available to assess NAS
nity to avoid thunderstorms, halil, icing, and tur-

b : . safety. The NAS safety metrics provide baseline
ulence. ITWS supports proactive rerouting tQ . ot )
avoid windshear or severe weather. information for the NAS as it is modernized.
Tables 7-1 and 7-2 show safety trends for the
In a similar manner, the weather and radar procegars between 1990 and 1997 for a variety of
sor (WARP) will provide improved weather datesafety indicators and some of the metrics pres-
for en route service providers. In particularently used.

WARP provides the weather data from the Dops
pler next-generation weather radar (NEXRAD) t

en route controller displays.

grated terminal weather system (ITWS) integrat

afety measurement can be based on the record of
%essons learned from accidents and incidents.
Over the past 30 years, accident rates have de-
Weather information will be made available, viacreased for large air carriers and commuter opera-
tailored broadcast or upon request, from a conions? This is the result of both technological and
mon network available to all NAS users. Theperational changes within the NAS. The acci-
FAA will make NAS status and existing weathedent rate, however, is an after-the-fact measure,
data available to private data link servicavhich uses past data as a yardstick, which can be

2. Based on National Transportation Safety Board accident statistics for U.S. commercial air carrier accidents, receieed from th
NTSB Public Inquiries Section. This also applies to the worldwide commercial jet fleet, based on statistics released by the Air
plane Safety Engineering Division of the Boeing Commercial Airplane Group.
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Table 7-1. Accident Trends

Safety Indicator

Description of Aviation Accident Rates

Trend (1990-1997)

Large Air Carrier Accident
Rates

This indicator compares the number of accidents involving all large air carriers
(i.e., operating under Federal Aviation Regulation (FAR) Parts 121 or 127) to the
number of flight hours and departures for these carriers.

Steady for 1990 through 1994 at
a low rate; an increase for 1995
through 1997.

Commuter Air Carrier Acci-
dent Rates

Compares the number of accidents involving all commuter air carriers (i.e.,
scheduled carriers operating under FAR Part 135) to the number of flight hours
and departures for these carriers.

Up from 1990 to 1991; steady
from 1991 through 1992; improv-
ing from 1992 through 1994 at a
low rate; an increase from 1995
through 1997.

Air Taxi Accident Rates

Compares the number of accidents involving all air taxis (i.e., nonscheduled air
carrier operations under FAR Part 135) to the number of air taxi flight hours.

Steady.

General Aviation Accident
Rates

Compares the number of accidents involving all general aviation aircraft to the
number of general aviation flight hours.

Steady.

Mid-Air Collision Accident
Rate

Compares the number of mid-air collision accidents involving all operator types to
the number of flight hours for all operators (i.e., large air carrier flight hours +
commuter flight hours + air taxi flight hours + general aviation flight hours).

About the same rate from 1990
through 1996, with a dip in the
middle years; improvement in

Table 7-2. Incident Trends

Safety Indicator

Description of Aviation Incident Rates

Trend (1990-1997)

Pilot Deviation Rates

Compares the total number of pilot deviations to total system flight hours.

Down from 1990 through 1995;
up in 1996 and 1997.

Near Mid-Air Collision

Presents the total number of system reported NMACs.

Downward trend overall; slight

Reports (NMACs) rise in 1997.
Air Carrier Near Mid-Air Colli- | Compares the number of NMACs involving all air carriers (i.e., those operating Downward trend overall; slight
sion (NMAC) Rates under FAR Parts 121, 127, 129, and 135) to the number of air carrier flight hours. | rise in 1997.

Operational Error Rates

Compares the total number of operational errors to the total number of facility
activities.

Steady.

Runway Incursion Rates

Compares the number of runway incursions that occur at airports to the number
of operations at the airports.

Down from 1990 through 1993;
up from 1994 through 1997.

Vehicle/Pedestrian Deviation
Reports (VPDs)

The number of VPDs. A VPD is an entry to or movement on an airport movement
area by a vehicle (including aircraft operated by a nonpilot) or pedestrian that has
not been authorized by air traffic control.

Downward trend with fluctua-
tions.

used to predict future behavior and assess risgafety level. The development of the aviation sys-
associated with NAS changes. tem’s mitigation strategies has been incremental

System safety risk assessment provides a moa}gd evolutionary as improvements have been

proactive approach by identifying safety-relateg]ade in aircraft design, crew training, operational

: - - S dures, and supporting technologies. Poten-
risks early and by applying risk elimination an roce .S X
risk control. This enhancement improves safety.c{:')al hazards have been eliminated through design,

safety devices, or procedures. Redundancy has
The NAS is monitored from a system safety agbeen successfully used as a mitigation strategy to
proach that acquires accident and incident dat&duce the probability that failure of a single ele-
Examples of incidents include operational errorgnent will lead to an accident. This safety risk as-
near mid-air collisions, and pilot deviations. Incisessment process will continue as the NAS is
dent data provide information about events thagodernized to ensure that existing risk is mini-
can lead to potential accidents. Additional metricgized and new hazards are not introduced.
may be used over time.

NAS modernization has thgotential to reduce
7.3 Summary the number of accidents. Accident rates will not
Safety is improved through more effective mitigadecrease unless the capabilities described in the
tion of risks or elimination of underlying hazardsNAS architecture are implemented and a high
Extremely complex and effective mitigation stratpercentage of aircraft are equipped with new avi-
egies support the aviation system'’s inherent higinics. Implementation, of course, is dependent on
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funding and the allocation of scarce resourceparticular reports of accidents involving
Acquisition and installation of new avionics isturbulence, hazardous weather in the terminal
controlled by numerous users. Furthermore, evemea, airport surface operations, collisions
when implemented, the architecture’s capabilitiesetween aircraft, and controlled flight into terrain
are not omnipresent; some are available only indicates that accidents attributed to these factors
selected airspace or at larger airports. A study can be reduced by NAS modernization.

3. NAS Architecture and Safetypreliminary analysis performed by the FAA Office of System Development, January 1998,
Wash., D.C.
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8 HUMAN FACTORS

The human component of the NAS is a key ele- Consistent Computer-Human Interface Proto-
ment of NAS modernization. Focusing on human types

factors elements of new systems early in the ag-
quisition process reduces costs, minimizes pro-
gram schedule disruptions, and brings new bene- Task Analysis and Workload Measurement
fits to NAS users earlier.

Human-in-the-Loop Simulations

» Workstation Integration.

8.1 Human Factors Activities—NAS-Wide In addition to its own efforts, the FAA will work

A broad range of activities regarding the implicawith the National Aeronautics and Space Admin-
tions of human factors will be conducted to sugstration (NASA), the Department of Defense
port NAS modernization. These activities involvdDOD), and others to take advantage of their hu-
both acquiring and applying the information necinan factors research.

essary to capitalize on human capabilities a . .
limitations thaEt) affect human-systempperformanc .2 Lite-Cycle Costs, Benefits, and Tradeoffs

in each domain. Human factors engineerinfesearch (and the application of the results) is
research and application activities will beneeded for more information on the costs, bene-
employed to identify and resolve risks and tdits, performance levels, and tradeoffs of alterna-
assess costs, benefits, performance levels, aik approaches to meeting NAS requirements.
tradeoffs. Issues for which human factors researgthis activity will develop and apply sources of

and application activities will be employeddata and help integrate a human performance per-

include: spective into investment analysis and program-
« Computer-human interface (CHI) matic decisions. The activity will provide human
_ factors information to conduct the necessary alter-

* Controls, displays, and alerts natives evaluations, assess current and future af-
« Procedures, incremental changes to systenfgrdability, contribute to the tradeoff analyses and
and system component integration investment decisions, and resolve cost-effective-

o ~_ness issues during solution implementation. Re-

and task performance o o
» |dentification and description of human fac-

* Training for new automation operation and  tors variables that impact costs, benefits, and
maintenance; equipment, workspace, and tradeoffs (e.g., the types of operational bene-
workplace design fits related to human performance on new and

« Manpower resources and staffing; unique UPgraded systems)
skills, abilities, characteristics, and toolss Methods to predict and assess the relevant hu-
communications and teamwork; job and orga- man factors variables and risks that signifi-
nizational design cantly impact system performance (e.g., how
to identify the risks of operator cognitive
workload for critical functions/tasks in en

route, terminal, traffic management, and oce-
Through these activities, human factors will be  anic domains)

systematically integrated into every phase of NAS
modernization. While the range of endeavors un-
dertaken to integrate human factors in the NAS is
necessarily broad, six major activities are listed
and described below:

* Human performance aspects of safety, health,
and environmental considerations.

Algorithms to quantify human factors vari-
ables and their relationships (e.g., human-sys-
tem performance cost-benefit estimating
relationships for new display concepts)

Information related to human factors costs,
benefits, and tradeoffs (e.g., establishing the
* Human Performance Metrics and Baselines means to assess systems using historical and

» Life-Cycle Costs, Benefits, and Tradeoffs
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evolving records, such as data on task analipitial system design. Also, a disproportionate
ses and training for deployed systems) share of system changes are a result of human-

* Assessments of the tradeoffs associated Wia;(stem integration and CHI requirements. With-

human factors, including personnel selectionouF well-planned human-system Integration, ac-
staffing, training, and human-system perforgu'r.eoI NAS systems that empl_oy. commercially
' ’ available solutions could result in increased soft-

mance. . L
ware cost, higher training time, and greater opera-

8.3 Human Performance Metrics and Base-  tional complexity. Safety and productivity in the

lines NAS will be enhanced through the development

of common interfaces, consistent CHI, and com-

As new systems are acquired to replace or au atible functions and procedures. Results of this
ment those currently deployed, human perfor-

mance metrics and baselines will be develope%.c'['w[y include:

These metrics will be used to quantify current op- Concepts and prototypes for compatible pre-
erational efficiency and effectiveness, facilitate planned product improvements (e.g., compat-
market survey analysis, assess progress during ible CHI for terminal and en route upgrades)
system development and implementation, and
support system performance tests and evaluation.
Results of this activity include:

Common CHI designs for systems migrating

to common platforms and consoles (e.g.,

common function and form interfaces for sys-

* Metrics to assess human and human-system tems transitioning into the NAS)
performance (e.g., standardized metrics and
measurement techniques for assessing opefa-
tor/maintainer workload, staffing, and train-
ing for vendor solutions during market
surveys)

Tools, techniques, and capabilities to rapidly
prototype new CHI designs, assess vendor
CHI solutions, and evaluate the impact of
CHI alternatives (e.g., assess the strengths

and weaknesses of new CHI designs and
° Methods to benchmark human'system perfor- Speciﬁcations for NAS app"ca‘[ions)

mance, usability, and suitability (e.g., devel- _ o
opment and application of techniques, tool§, Technical standards and specifications for fu-
and procedures for determining and mitigat- turé CHI manufacturing designs (e.g., com-

ing potentially high levels of individual and ~ Mon core functions, display characteristics,
team communication requirements) and operational procedures for new Global

. . Positioning System (GPS) receivers)
* Ways to link varying levels of human perfor-

mance to operational system capabiliies Configuration management capabilities to
(e.g., the measures of workload related to the compare CHI compatibility between system
maturity of a system’s technology and CHI) components and to design new systems’ CHI.

» Development of a comprehensive set of sc@.5 Human-in-the-Loop Simulations

narios, system configurations, envwonment% method for scientifically predicting how a hu-

measures, and simulation concepts for con- . ,
; . an would react and perform under certain condi-
ducting baseline and subsequent assessments . L
i ) . ions when operating or maintaining a new system

(e.g., operational scenarios for terminal oper-

ations to evaluate procedural changes) is referred to as a “human-in-the-loop” simula-
P 9 tion. Human-in-the-loop simulations of develop-

* Baseline assessments and periodic measuneg systems allow human-performance character-
ments of NAS systems using human-systeistics to be systematically analyzed and evaluated.

performance metrics. Task loading and sequencing, information pro-
) cessing, and crew coordination need to be exam-

8.4 Consistent Computer-Human Interface ined to identify and resolve potential risks and op-
Prototypes portunities. Examining these areas will also pro-

Studies have shown that the final cost of softwangde an early indication of whether human perfor-
and hardware depends largely on changes to th&ance associated with a system will support NAS
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performance requirements. Primary results of th&7 Workstation Integration

activity include: o .
Human factors activities related to workstation

* Mission scenarios (developed for various doplanning, analysis, and implementation will en-
mains, with sufficient fidelity to ensure objec-sure that the design of the workstation is suitable
tive, quantifiable measures) that will allowfor its intended application and use by the system

examination of controller and pilot perfor-gperator and maintainer. Primary results of this
mance in a realistic environment activity include:

+ Simulation results/findings that verify criti- |
cal tasks, validate task analyses, refine proce-
dure designs, assess training regimen designs,

and identify implied operation and mainte~  pesign guidelines for systematic integration
nance diagnostic and problem-solving activi-  of a variety of control and display devices to
ties enhance operator and maintainer performance

 Comprehensive and consistent assessments
and measurement of human performance
within systems and across the integration of
systems.

Methods to describe and control the design of
complex workstation configurations

Design and implementation analyses, alterna-
tives, and recommendations for configuring
future workstations and NAS workstation en-
vironments.

8.6 Task Analysis and Workload Measurement
Much of the work associated with task analyse&8 Summary

and workload measurement is focused on “tiMehese human factors activities provide a frame-
required” versus “time available” for operator angyork for developing and implementing human-
maintainer performance. The measures of tir_’rgeystem performance advances in the NAS. It is
and accuracy (e.g., error rate) will be used witfinnortant to recognize that the description of
other measures to assess and improve human-Sygsse activities represents only an outline of the
tem performance. These measures will supplgacessary steps toward achieving the NAS human
ment subjective rating scales that provide insightgciors objectives. While the description of the
into user attitudes, but do not always correlatg,man factors work in support of NAS develop-
with objective measures of performance. Primany,ent may be categorized into broad, generic areas
results of this activity include: and activities, the work that is performed must be
« Validated tools and techniques, both objectivéilored to the specific systems and issues to be
and Subjective, to provide measures of thaddressed in each domain. Detailed human fac-
cognitive task and workload assigned to opetors research and application efforts within each
ators and maintainers domain are required to institutionalize the consid-
ration and resolution of human performance is-
es and reduce many of the operationally signifi-
cant human performance challenges facing the
* Resulting analyses and measurements that detion’s aviation system. An overview of the
scribe human-system performance at the revork to be accomplished in each domain is dis-
quired component level of the system. cussed in the domain writeup.

e Data bases to support development of ta
analyses and workload measurements
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9 INFORMATION SECURITY

The current NAS is a collection of systems, eackecurity features of COTS products to protect the
evolving independently over time to support &NAS.

major NAS functional area. As modernization

proceeds, these independent systems will migrade3 Scope of NAS Information Security

toward an open architecture with more interactioan information security architecture ensures the
between systems both inside and outside thge of appropriate and uniform security measures
NAS. While numerous benefits can be gainegcross NAS subsystems, elements, and services.
from open systems and standard data formats, fige architecture addresses NAS operational sys-
risk of unwanted disruptions of critical NAS S€ltems, as well as any administrative systems con-
vices also increases. To decrease this risk, the fcted to operational systems. Interfaces between
chitecture identifies key risk areas and propos@sese and other systems (e.g., user systems o
mitigating strategies. other government systems) are also addressed

Information security (INFOSEC) is integral to thePublic networks, which are used to transfer infor-
NAS architecture. While not an obvious contribumation between facilities and systems within the
tor to NAS functionality, INFOSEC is essential toVAS, are considered vital avenues of access into
ensuring the availability, integrity, and confidentithe NAS. The FAA will focus on ensuring infor-
ality of NAS operations. To protect NAS systemgnation security at the interface points between the
INFOSEC must be engineered so that NAS fun®AS and public networks.

tional performance and cost tradeoffs include asince the NAS is a ssystem of systems,” security

propriate protection whenever sensitive systems.\veen different systems—as well as security

are involved. This includes, for example, all PrO%ithin individual systems—must be emphasized.

cessing, storage, and communication of air '.[raﬁ'lgrocessing, storing, and transferring information
conFroI (ATC) information. This section prOVIOIE’Swithin and across systems must be secure. This
3. h'gh'lz\’fl .IINdFOStECt. approach, but does n?}revents attacks that use one weak system as an
ISCuss detarled protective measures. entry point from which to probe and penetrate
9.1 Need for Information Security other NAS systems. As shown in Figure 9-1, the

Safeguarding information systems used for NA oal_ of INFQSEC. i; to protect the aY%”ab””y’ in-
operations is an essential part of the NAS archl-ng’ confldentlah_ty, and authenticity of data
tecture. In addition to data directly related to ATd:Jsed In NAS operations.

operations, sensitive or proprietary informatioy 4 \nformation Security Approach
pertaining to NAS users must be protected.

_ _ Analyses of NAS systems, along with assess-
An effective NAS INFOSEC architecture encominents of security products and services, are used
passes many activities,

\ ivities, ranging from policy 1@, gevelop security profiles. System acquisition
testing. These activities must be covered over t'ﬂ)‘aersonnel use these profiles to match characteris-

life cycle of NAS systems. The INFOSEC aspeciges of particular systems with appropriate secu-
of the architecture must define investment stratﬁ-[y products and services. Coupled with appro-
gies that balance threat and potential vulnerabiliyiate policies and procedures, profiles provide an
ties against investment costs. integrated approach to information security in the

9.2 Evolution of Information Security NAS.

The NAS is evolving to embrace new systems arl management structure will administer security

open systems. This evolution has resulted in gmocesses from an operational viewpoint and par-
increased use of common industrial standards aftidipate during the acquisition phase of the life cy-

commercial off-the-shelf (COTS) products and ale. A systemwide concept of operations

decreased use of proprietary systems. The@@ONOPS) for information security ensures uni-

changes emphasize the need to manage secufitym security measures within individual systems

interfaces among systems and to fully utilize thand compatibility across systems.
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INFOSEC = Computer Security + Communications Security I

Availability Integrity Confidentiality Authenticity
Protection Protection Protection Protection

Against Against Against Against

Denied Unauthorized Unauthorized Claimed

Service Change Exposure Identities

Figure 9-1. Goal of Information Security

9.5 Information Security Elements associated with a centralized approach to NAS in-

. . frastructure  management. The INFOSEC
INFQSEC policy, ¢ONOPS’ an_d security ENI'CONOPS defines functions to support the follow-
neering process drive the security approach. Fi

ure 9-2 illustrates the relationships among theiheg objectives:

elements. As a component of the NAS architee- Enforce INFOSEC policy

ture, the security architecture provides high-level

technical guidance on security-relevant structural Maintain preparedness for prompt response to

aspects of NAS systems. rapidly changing risks and security technolo-
ies.

INFOSEC policy establishes basic ground rules to J

guide the CONOPS and Security Engineeringihe INFOSEC engineering process defines acqui-

Process, and thus guide the security approach. sition-relevant INFOSEC functions that are con-

o ) sistent with:
The INFOSEC CONOPS is aligned with future

directions for air traffic control operations, as welt  Progressive realization of NAS security pro-
as with the technical and organizational changes tection through sound security practices

INFOSEC
Policy

NAS System
NAS Acquisition
Architecture

. Security
Security Engineering
Architecture /<& Process

ATS  fe—p| INOSC g —pi N
CONOPS GONOPS CONOPS

¥

Figure 9-2. Relationships Between Major INFOSEC Elements
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* Revised FAA acquisition procedures systems from harmful interference. The FAA is
?urrently working to develop safety and system
Security countermeasures for satellite-based navi-
gation and landing systems to prevent or mitigate
9.6 Technical Capabilities interference. The backup navigation and landing

. system capabilities that are needed to protect
AS a part O.f the NAS arch_ltecture_, INFOS.EC ¢ against intentional jamming and signal interfer-
pabilities will support multiple logical barriers 0 once will be defined
provide a layered defense of NAS systems. One '
barrier consists of countermeasures integratddie FAA and the users, through RTCA, Inc., are
into individual systems to protect local operationcurrently reviewing the backup requirements for
GPS. The likelihood of interference is the primary
?ﬁgreat to GPS navigation. Any backup determined
i being necessary must support at least nonpreci
connect to the NAS. Countermeasures inclu on approach capabilities, for it is in the landing

firewalls, proxy SEIVErS, and security gateways t|5’hase that interference will be most disruptive.
control communications access in a distributed

network. This barrier secures NAS operations.7.3 Surveillance

?galnstA l#naitrj]thogzeq access tfrorr:c extertnal S¥Phe evolution of the surveillance system architec-
ems. urther barrier Consists ol countermegy, o jnyoduces new information security risks for

sures to authenticate users within Communitieﬁ'utomatic dependent surveillance broadcast

of-interest, S,[UCh jsﬂ_alr:ttrafflc_: cont(r:ol, aur traffic ADS-B) surveillance reports. Potential surveil-
management, and Tight services. Lommon SeCti, .q security concerns include interference with

rity services support the various barriers. For eXVAAS correction signals, which affects the accu-

ample, one service involves audit collection anpacy of ADS-B data; interference with GPS sig-
system monitoring, and another service providgs, s \vhich denies ADS-B service in the affected
tools for security administration. area; and message flooding of the surveillance

9.7 NAS Functional Areas system.

Security features are needed for the surveillance
systems to ensure continued operations during
Air-air, air-ground, and ground-ground communithese types of events, which is one of the reasons
cations have specific characteristics that must fer continuing secondary surveillance radar
evaluated separately to determine their contribySSR). Provisions will also be considered for de-
tion to vulnerability and risk to the systems withirtecting unusually high message activity on sur-
the domains over their life cycles. The FAA inforveillance inputs and generating a warning. Shar-
mation security engineering process will be afng surveillance information will necessitate spe-
plied in determining communications vulnerabili-cial security provisions, including access control,
ties and the required countermeasures neededutser verification functions, and restrictions on the
control communications-related risks. Future seypes of information that each user group can ac-
curity services will preserve the availability, in-cess.

tegrity, confidentiality, and authenticity of NAS o

communications. 9.7.4 Avionics

Avionics is the primary airborne component of
the communications, navigation, and surveillance
systems. The security considerations that apply to
With precision landing services eventually dethe avionics interface with these systems are sum-
pending primarily on the use of Global Positionmarized below. Using the NAS information secu-
ing System (GPS) signals augmented by Widdy engineering process, the integrated product
Area Augmentation System (WAAS) and Locateam (IPT) will work with the NAS Information
Area Augmentation System (LAAS) differentialSecurity Program during the entire life cycle of a
correction signals, there is a need to protect theielded system, especially during functional up-

» Fielding systems for operational use withou
introducing new vulnerabilities.

Another barrier is created by adding counterme
sures at the entry points where external syste

9.7.1 Communications

9.7.2 Navigation, Landing, and Lighting Sys-
tems
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grades and technology refresh, to identify thadministrative and operational data, protection of
need for protection mechanisms. sensitive AOC scheduling data, Internet access
. Communications.The next-generation air- contrc_)ls, firewalls, role-based access controls, and
ground communi.cations system (NEXCOM)Secunty gateways between the TFM network and
. ) ~_Jany connected, nonsecured systems.
radio will be used to exchange real-time,
sa_lfety-critical _flight clearqnce inf_ormation 9.7.7 En Route
with the cockpit. The NAS information secu-
rity engineering process will identify securityEn route automation will be extended to support
provisions and countermeasures to be incogollaborative processing, flexible airspace struc-
porated in the NEXCOM system design. tures, dynamic routes, and self-separation. En

L i route technology will transition from relatively
* Navigation.GPS, WAAS, and LAAS will be (556 systems to open systems. Communications

used as the primary means (systems) of naYmong systems will increase significantly, and
gation. Intentional and unintentional interfer-,

. . X data messages will replace many existing air-
ence with GPS signals may result in a hazaréfound voice communications. New types of data

that affects many aircraft simultaneouslygir ctyres will be implemented, and new classes
This potential problem will be fully evaluated ¢ \,sers will need to work with en route data.
within the overall GPS, WAAS, and LAAS

operational evaluation programs. Throughout en route modernization, service pro-
viders and users will need to identify appropriate
an automatic dependent surveillance (AD equrity services. These services include e_tuthenti—

ation to protect the system from unauthorized ac-

position reporting capablllty. Securlt_y pr.ov"cess, integrity to protect messages containing sen-
sions will be developed against possible interz

ference and erroneous data transmission sitive information from corruption, and encryp-
" tion to protect the privacy of data or to enhance

9.7.5 NAS Information Services for Collabora- @uthentication. Additionally, security training and
tion and Information Sharing administration will be the primary protection

_ ) _ _ mechanisms during the operations and mainte-
Security will become a more complicated issue ggyce phase of the life cycle.

the NAS-wide information network evolves. The

sources and users of electronic data will increasez g8 Oceanic and Offshore

substantially, as will the quantity and types of _ _
data available. Protecting the integrity and priTwo classes of security are relevant to the oceanic
vacy of information will be critical to NAS-wide System. The first is protection of the air-ground
information network effectiveness (i.e., usergnd ground-ground communications links. The
must have confidence in data they access and tR&€ond is protection of the ground-based compo-
proprietary data are protected). New security sy§€nts of the oceanic systems, which include auto-
tems and procedures will be implemented. Authdbation and communications subsystems. The key
rized users will have access to information—Services are user identification and authentication,
whenever and however they require—and una@ccess control, and an interface protection mecha-
thorized individuals will be denied access. nism.

+ Surveillance.The NAS architecture includes

9.7.6 Traffic Flow Management 9.7.9 Terminal

The traffic flow management (TFM) system al-The terminal domain contains several sensitive
lows users to obtain NAS information, electronidecision support systems that require security ser-
cally transfer flight plan data, and develop flightiices. These services include authentication to
plans collaboratively. The TFM system receiveqrotect the system from unauthorized access, in-
stores, and disseminates sensitive data from diegrity to protect messages containing sensitive
line operations centers (AOCs), which will redinformation from corruption, and encryption to

quire solid information security measures. Thegerotect the privacy of data or to enhance authenti-
security measures include logical separation @ftion. In addition, security training and adminis-
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tration are key protection mechanisms during themong the FAA sensors, the integrated terminal

operation and maintenance phase. weather system (ITWS), WARP, operational ATC
_ systems, and the user community. Weather sys-
9.7.10 Tower and Airport Surface tems require protection against injection of false

The tower/surface automation and communicaveather messages, unauthorized access, and un-
tions subsystems include a surface movement althorized modifications of weather data bases.
viser (SMA) system and an air-ground tower dat&ecurity provisions for the weather subsystem
link service (TDLS). These systems must be pravill include access control, message sender au-
tected against security breaches. For example, tthentication, and audit functions to record all
SMA system will interface with AOC facilities at messages and to identify the source of each mes-
airports. Hence, there is a need to protect schedsige.

and aircraft movement data on the SMA commu-

nications circuits and in the FAA and airline dat®.7.13 Infrastructure Management

bases.
NAS Infrastructure Management (NIM) tools in-

Security concerns include unauthorized user agsiface with all other NAS systems, and its secu-

cess and modification or destruction of sensitiv,gty access must be protected. For this reason, the

information used for surface operations controlynagement and control of NAS security services
Another concern is the air-ground data linkis 5 |ggical candidate for future inclusion in the

which will handle safety-critical clearance and\;m architecture. NIM tools could be used to col-
real-time messages. Potential security breach ",% '

) . ) fett NAS-wide subsystem security data for report-
include unauthorized clearance transmissions a

e ) and auditing purposes and to perform NAS-
modification of messages on ground links. Provizide intrusion detection
sions to mitigate security risks may include instal- '

Iatio_n of security gateways.between the FAA oppyithin NIM tools, INFOSEC requirements are

erational system and outside users and betwegfsed on the NIM protection profile and vulnera-
the NAS information system and the TDLS acpjjity assessment. Meeting requirements for ser-
cess controls; message origin and message traffige ayailability, access control, authentication,
verification; and security protection of surfacg gnrepudiation, and confidentiality will ensure

control and movement data bases. adequate security for NIM tools. In particular, ap-
9.7.11 Flight Services propriate security gateway services are available

_ ) _ . _ _to provide proper access control between NIM
Flight services interacts with pilots and agenciggols and other NAS systems.

outside the FAA. To meet its objectives, flight

services must also interface with other NAS sysecurity management will allow the FAA to pro-

tems, including the weather and radar processgict NIM tool data via user identification, authen-

(WARP), the weather message switching cent@tation, and access control mechanisms. NIM
replacement (WMSCR), the en route automatiofyols could also support NAS-wide security man-
system, and traffic flow management systemggement, such as detecting and logging NAS in-

Thus, the flight service system (i.e., the Operarastructure security violations for reporting to
tional and Supportability Implementation SystenfaAA management.

(OASIS)) needs security services that include ac-

cess control, user identification, and security gatg-g NAS Information Security Cost

ways to protect availability, integrity, and confi-

dentiality for itself and other interconnected systhe FAAs estimated costs for NAS information

tems. security modernization are depicted in Figure 9-3.
o These costs include initial estimates for develop-

9.7.12 Aviation Weather ing INFOSEC requirements and limited IPT sup-

Weather products are received both from FAAort. The NAS INFOSEC process is awaiting in-

sensors, the National Weather Service (NWSyestment analysis and Joint Resources Council

and commercial vendors. Weather messages fIQdRC) determination.
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Figure 9-3. Estimated INFOSEC Costs

9.9 Summary silience while addressing future concerns at ac-
The present NAS is robust and extraordinarily re-eptable costs.

silient. NAS modernization includes the additionrhe National Airspace Architecture Version 4.0
or revitalization of many programs. On the on§ueq not provide specific architecture details for
hand, these programs bring new capabilities thaieosgc. This information is considered sensi-
enable future benefits. On the other hand, €¥ye and would increase NAS vulnerability. The

parlllded q functlcc)jnallty, gregtler cgnnlectlwty,”a;n formation security architecture is provided on a
well-understood commercial technology call forad-to-know basic.

increased INFOSEC vigilance. The future NA

must implement a coherent INFOSEC architecFhe next section describes the role that research,
ture that mitigates these risks. Protection must egngineering, and development plays in the mod-
tend throughout a system’s life cycle. By applyingrnization process. Successful research efforts are
sound INFOSEC principles during planning andhe key to unlocking the potential of new and, in
design, the future NAS will retain its present resome cases, yet to be discovered technologies.
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10 RESEARCH, ENGINEERING , AND DEVELOPMENT

While numerous technologies employed duringrates new concepts and technology, as required
the early phases of NAS modernization are m& meet demands for improved safety, efficiency,
ture and well understood, many proposed possikdad productivity. The ATS RE&D programs yield
paths for the later stages of modernization are jusperational concepts, human factors and perfor-
now emerging. Research, engineering, and devefance guidance through simulation and analysis,
opment (R,E&D) activities will play a major role standards for application of new technologies,
in assessing emerging technologies and discove@rototype developments and evaluations, and
ing more advanced technologies that could be emeftware products for integration into current and
ployed in modernization. This section describef&iture operational systems.
the research efforts needed to fully understand o o
and exploit the new and emerging technologierl[‘ls:asgesebel.w\éa;e ﬂ:ﬁ speC|cfi|c A_TSt_resea][rchtacgw-
described in this architecture. . quired for the mocernization etioris de-
tailed for each domain of this architecture (as de-
The FAA R,E&D program develops and validatescribed in Part 11l). The activities are identified by
technology, systems, designs, and procedurese appropriate modernization phases based on
along with supporting the agency’s strategic rehe time required to perform the activity and the
quirements determination process. Today, theompletion date required to support enhance-
NAS is under heavy pressure to keep pace withents to existing operations and deployment of
rising traffic demand, needs for essential safefyiture systems, as detailed in the NAS moderniza-
and security improvements, airspace user requirgen schedule. As a result, this architecture repre-
ments for more flexible and efficient air trafficsents a completely integrated program planning
management operations, and demands for furthéscument depicting the most efficient and cost-
mitigation of the environmental impacts of aireffective approach to achieving the desired capa-
craft operations. As air travel increases, theilities. If appropriate funding is not approved for
agency’'s research and development work wilk E&D activity, there likely will be delays in the
take on added significance. associated development schedule.

To meet these future challenges, the FAA engyrrently, the FAA is reassessing the R,E&D pro-
ploys a comprehensive, agencywide R,E&D ingram due to Congressional funding authorization
vestment analysis process to ensure that availaBlgtions. ATS services research is now funded by
resources remain customer-focused in terms me facilities and equipment (F&E) budget Al-

“‘outcomes” and “outputs,” as mandated by thghough this will have some impact on the plan, the

Government Performance and Results A@verall philosophy of the research activities that
(GPRA) of 1993, and that these resources are tgfijl be implemented out of F&E is consistent

geted on the highest-priority activities. with the plan laid out here.

The R,E&D program is divided functionally into
seven areas. These areas are: Air Traffic Servic
Airport Technology, Aircraft Safety, Human Fac-

tors and Aviation Medicine, Aviation Security,Phase 1 navigation and landing R,E&D will eval-
Environment and Energy, and R,E&D Programiate and develop the guidelines and procedures

%é).l.l Navigation, Landing, and Lighting Sys-
ems

Management. for the Global Navigation Satellite System/flight
) _ _ management system (GNSS/FMS) (or equivalent
10.1 Air Traffic Services system) for precision arrival and departure paths.

The Air Traffic Services (ATS) R,E&D program Standards, including minimum operational per-
is part of an integrated strategy intended to ifermance standards (MOPS) and technical stan-
crease the scope and effectiveness of air trafflard orders (TSOs), will be developed for the
services at the most economical cost. ATS r&Vide Area Augmentation System (WAAS) and
search is the agency’s preferred means of leverdgscal Area Augmentation System (LAAS) tech-
ing its ATS investments for improved servicesnologies to support their implementation into the
procedures, and infrastructure. ATS research intBlAS and to promote international acceptance.
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Research will be conducted on the procedureas surveillance systems evolve to provide greater
specifications, and design for a redundant systenmaccuracy, research will need to determine the ben-

- : o fits, pr r nd human factors impact of re-
Other R,E&D activities will include investigating 3|ucs;ng ggsg:ja;iacs)ﬁ astgndgrdi actors impact ot re

the use of security services to guarantee the aval
ability and integrity of navigation services. As thePhase 2 research will define backup strategies—
ground-based very high frequency omnidirecgiven that surveillance and navigation merge
tional range (VOR) infrastructure is phasedwhen using the Global Positioning System (GPS)
down, a set of named grid poihtsvill be as a source for both. The architecture requires and
established to replace the VOR and fix locationslesignates at least two complementary means of
R,E&D will look into developing a low-cost surveillance in each domain. This work will study
runway lighting system to support the expandeglternative approaches and lead to the validation
capabiliies  provided by satellite-basedf a selected solution. Before the end of the useful
navigation. service life of the airport surface detection equip-

Ph 5 b will | taate alt i tment (ASDE)-3 surface surveillance radars, a re-
ase < research will Investigate afternalive saligs oo effort will support development of a low-

I|te-pased con_ﬂgurauo_ns for_ prowdlng_ havigation, s strategy for tracking all vehicles on the active
services. It will also investigate an 'neXpenS'Vﬁirport surface

ground-based navigation system for providing se-

lected backup capabilities. Future research will investigate alternatives for
_ replacing the terminal radar/beacon systems, ter-
10.1.2 Surveillance minal Doppler weather radar (TDWR), and other

The goal of surveillance research is to extend suerminal surveillance sensors with a single sys-
veillance, using satellite-based position reports, M. upgrao_les of a present system, or a different
nonradar and surface environments and to proviége of service.

a more cost-efficient and safe surveillance service0 L

for the NAS. Services stemming from this re—1 1.3 Communications
search include extending surveillance to these efhe goal of communications research is to im-
vironments to improve situational awareness gfrove aviation-related information exchange be-
both service providers and flight crews, ensurinyveen service providers and all users of the NAS
that this coverage includes all operating aircraftvith greater efficiency and at lower cost. This in-

The planning within the surveillance architecturéormation exchange will be used to enhance situa-
indicates that automatic dependent surveilland®mnal awareness for both the flight deck and ser-
(ADS) will evolve to be the principal surveillancevice providers in all domains. Based on the exten-
reference and a key to NAS capacity enhanceive use of data link envisioned for the future,

ment. specifications will be developed for communica-

. . tion links, message protocols, avionics require-
In addition to demonstrating ADS technology o . !

. . t tificat f A f
during the Safe Flight 21 program, Phase 1 -ments, and certification of service. Associated

o . ; ost-benefit analyses will be completed. Data
search will investigate the best means for integrg y P

; . . nks will be developed to integrate the aircraft
ing ADS into the NAS ground-based infrastrucy. o capabilities with the ground-based decision

ture an_d obtaining the operational benefits asso(%'l]pport automation, which will allow more effi-
ated with ADS' D_evelo.pment of an ADS groun ient operation of the aircraft and the air traffic
system deS|gn—|ncIud|ng s’gandards_,, procedure(’sOntrol (ATC)/management system.
and system-level specifications—will then pro-
ceed. As a means of improving target position a&hase 1 efforts will include human factors analy-

curacy, research will identify the types of data tsis that addresses the flight deck and ground sys-
be fused and how and when they will be fused-tems associated with data link and the viability of

leading to the development of a system specificaperational procedure enhancements made possi-

tion. ble by data link. Additionally, a communications

1. Named grid points will provide a common reference for fixed ground locations.
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strategy with associated cost-benefit analysis wiltcommendations for improving the avionics cer-
be developed to provide NAS-wide informatiortification and testing process, including reengi-
service data to all interested parties for their use imeering the certification process for efficient, af-
operating within the NAS. Because the Agencfordable certification. Research efforts will study
has plans for increased access to more ithe development of standards, certification pro-
formation, Phase 1 research must be conductedcesses, and technology applications intended to
develop information security strategies for interlower the cost of avionics and improve safety and
facility, ground-ground, and air-ground com-efficiency through higher levels of avionics capa-
munications. Communications research is also rbility and equipage for the general aviation (GA)
quired to develop domestic and international digeommunity.

tal signaling standards for current and future AT

voice switches. ﬁ1 conjunction with the Human Factors Research

Program, research will investigate the human fac-
In Phase 2, the availability of low earth-orbitingtors issues associated with using multifunction
medium earth-orbiting (LEO/MEOQ) satellite net-displays to support situational awareness. A ma-
works will allow satellites to be used for new apjor focus of human factors research will include
plications, with the cost of these services exassessing how to best use the limited panel space
pected to decline. Research will investigate a satvailable and assess the effects of new avionics
ellite communications strategy for air-grouncn single-pilot operations. Standards and proce-
communications, including FAA-owned and -dures for pilot separation assurance in cases such
leased systems and GPS enhancements. as station-keeping over ocean and on final ap-

Alternatives and methodologies studies will bgroach will be investigated.

conducted for the aeronautical telecommunicatiof study will also examine the range of services
network (ATN) to examine the system conditiongrovided to aircrews by automatic dependent sur-
required for optimal performance of each commureillance broadcast (ADS-B), as well as related
nications scheme, as well as the degree to whiafrcrew procedures. Avionics research goals in-
those conditions meet the requirements. The palude improving flight deck situational awareness
formance and capacity of the designed ATN wilthrough cockpit display of traffic information
then be validated using actual data from an impl¢€DTI) and providing timely information about
mented integrated system. This validation wilweather, flight plans, predeparture clearances, and
help ensure that, for strategic planning purposdsxi path assignments. Flight deck utilization of
any ATC service provider can communicate witlautomatic weather alerts and graphical weather
the flight deck of any aircraft, regardless of thelata will be examined.

aircraft’s location.

To support search and rescue efforts, a program
Department of Defense (DOD) systems that irwill develop emergency locator transmitters
corporate the latest, most efficient, and effectiveELTS), which transmit aircraft identification and
technologies offer great potential for economiGPS-based position information.

cally accommodating a variety of civil as well a : o
vy A 9 y  Well a%esearch will result in improvement or develop-
military air-air and air-ground communications

needs. The systems also demonstrate that contrirr]f-am of the following avionics services.

ued cooperative FAA and DOD system deNavigation and landing enhancements include:
velopment and procurement offer a clear way to

avoid duplication of effort. Increased use of satellite-based radionaviga-

tion routings

10.1.4 Avionics « Implementation of additional FMS-guided
To realize the full benefits of modernization, users procedures

must equip with new avionics. In Phase 1, re-
search will examine the minimum avionics re-
quired—and the cost involved—to obtain various
levels of NAS services. The program will develop  Taxi routes and position on the airport surface

Location with reference to terrain obstacles
and special use airspace (SUA)
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Landing guidance to broad areas (i.e., prect- Aircraft downlink of winds aloft, humidity,
sion and nonprecision, decelerating, curved, temperature, and turbulence.
and segmented precision approaches (f%rd

fixed wing and helicopters)). ditionally, new areas of research will be inves-

tigated as experience is gained with new cockpit

Surveillance and user-supported separation eavionics and procedures.
hancements include:

_ _ _ 10.1.5 Information Services for Collaboration
Tracking of all vehicles on airport surfaceand Information Sharing

(ADS-B, infrared, etc.), based on perfor-

mance impact assessment for controllers anﬁpase 1 resea_rch will - support eval_uanon of
or pilots Information requirements for the operational con-

cept and implementation of the NAS-wide infor-
Position of all close-by aircraft mation service and the flight object. Standards

Station-keeping in selected oceanic airspaddld Procedures will be developed to support im-

to reduce separation standards and provide iR_ementation of information services that will en-
trail climb and in-trail descent able greater information sharing between NAS

_ users, leading to increased collaboration and im-
Transfer separation assurance to the cockpjtoved decisionmaking.

for some simultaneous approach operations . ) . L
PP P Phase 2 research will focus on information distri-

Taxi routes and position on surface providegution and access, including large storage tech-

to and monitored on the flight deck nologies, data warehouse technologies for real-
. Station-keeping on final approach. time_ de_cision support combined with intelligen_t
o _ distribution, and search and access technologies
Communications enhancements include: in the object-oriented world. Research into seam-
. Data link capabilities on airport surface less interoperability with data integrity built in is
_ essential for one NAS-wide coherent homoge-
» Predeparture clearances by data link neous system of systems.

Weather enhancements include;:

Altitude, heading, and speed aSS|gnme.nti'gll.6 Traffic Flow Management
frequency and transponder code changes; an

certain clearances provided by data link t§1 Phase 1, research will focus on developing ex-
aircraft panded methods for cooperatively managing de-

i mand capacity imbalances with the users.
Rerouting and clearance amendments

In Phase 2, tools to support the real-time manage-
ment of alternative airspace designs will be inves-
tigated. Additionally, the goal in Phase 2 is to de-
Access to weather data and ability to updatee|0p information and tools that can be used at all
flight preference in the flight object levels of the traffic management system so that
capacity constrictions can be identified and
¥olved at the most appropriate level.

Planning tools and digital negotiation capa
bility for tactical and strategic replanning

Performance and intent data automaticall

from onboard systems (i.e., FMS).
The Phase 3 research goal is to provide decision

support system (DSS) tools to service providers,
Graphical weather display available to thdlight crews, and airline operations centers
cockpit (AOCs) for strategic air-ground traffic flow man-
Improved weather information from a Com_agement (TFM) coIIabora_tive decisionmaking
mon weather data base shared between N DM) and _proble_m resolution. Some tools c_ould
service providers and users [ c_Iude_ 4-d!r_nen_5|onal flow analysls and flight
object identification. These tools will help ensure
Fully automated terminal information servicethat any imposed flow restrictions are necessary
(ATIS) and terminal weather advisories delivand executed effectively. Improved methods for
ered by voice and data link identifying and predicting dynamic density prob-
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lems will be designed. Postflight analysis mugtrogress information and concepts for other
provide users and service providers with informasackup modes of operation.
tion about NAS performance strategies to opt

. Ih Phase 3, research will evaluate the flight object
mize future performance.

to determine how its detailed flight plan and tra-
10.1.7 En Route jectory information can be utilized to provide ad-
ditional benefits to users and service providers.
A effort will be made to determine how to probe

" . : . ) flight profiles when major environmental
of the positional information available, to relleveC ght protiies © ajor environmenta

¢ i q id ‘ hanges occur and how to provide access to this
requency congestion, and provide conformanGe, . iion for the flight deck, AOCs, and ser-
monitoring of the flight profile. Achieving these

goals will allow a shift in controller workload anolV|ce providers to facilitate the strategic replanning

assist controllers in separating  aircraft fronjgrocess. Tools that will recommend flight profile
P 9 hanges based on present and predicted environ

Weathe_r, which will iincrease throughpqt N € ental changes will be investigated. Additionally,
route airspace. Throughput may also be mcreasg(i

The goals of en route research are implementati
of separation standards matched to the accur

earch will look at how to evolve the oceanic,

by transferring separation assurance to the flig i route, and terminal domains into a consistent

deck in certain situations and allowing more USeL - miess operational environment that provides

preferred trajectories to be flown. The_ resz_aarch “Fore precise monitoring of separations and flight
forts that support the en route domain will focuf}rogress

on greater utilization of the aircraft flight data
management system, continued access to ep3.1.8 Oceanic

panded flight information, improved deCISIOI’lA primary goal of oceanic research is to investi-

;IL:E;)S(;; tsogs;eir&daﬁgrzzgevrgzr:;?; gar;ilgli(nfg?te procedures and sepa}r_ation stan_dards th_at are
ligible form elatgd to the ADS _capablllty to provide position

' and intent information to controllers and users.
Phase 1 research will evaluate airspace design @ther R,E&D goals are to develop a reliable digi-
ternatives for reduced vertical separation whil&al air-ground communications system, to investi-
accounting for the need to accommodate nowgate flight deck/controller workload issues, and to
equipped aircraft in the airspace. Decision supronitor aircraft conformance to planned route of
port tools for 4-dimensional flight profiles, haz-flight. In Phase 2 and Phase 3, the oceanic and en
ardous weather, and ADS intent data as well asute domains will evolve toward a consistent,
improved trajectory design tools will be develseamless operational environment.
oped to enhance aircraft monitoring and conflict i
prediction. Research will investigate methods of0-1.9 Terminal
more precise separation and flight progresBhe research goals are to provide DSS and auto-
monitoring and of dynamic route structuringmation tools that help controllers establish opti-
adapted to flight-level winds, hazardous weathemal runway assignments and efficient arrival and
airspace demand, and user preferences. departure paths. The tools will also support digital
In Phase 2, research will be conducted to Va”da%)mrr}unlcatlons to the_fllght deck, implementa-
the concept of dynamic sectorization of airspactéOn of reduced separation standards (commensuy-

to best match controller and traffic workloads'&c with |mproved_ su_rvelllance), a_nd flight ple_m
onformance monitoring. Automation tools will

With the move to data link, design concepts will ~"". e . .
e integrated across facilities for consistency in

be investigated to determine how altitude assigri- timizing traffic flow. Collectivelv. these tools
ments, frequency changes, and limited numbe?® 9 ' Y :
|l enable the number of departure and arrival

of clearances can best be provided. Supporting o . -
route controllers with an enhanced conflict dete2t {0 be increased and allow for more efficient

tion capability, decision support software will b aer)r(l\;alatg?rjlectones, including providing wake vor-
designed to monitor an aircraft's conformance t P 9-

its intended profile. Research efforts will alsdlools will be developed to support data link trans-
look at more effective means of displaying flighimission of altitude assignments, frequency
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changes, and certain clearances to aircraft. Rable to select the optimum route. Capabilities im-
search efforts will also investigate automategroved by this research include interactive flight
methods for controllers to coordinate gate anplanning and reduction or restructuring of visual
runway assignments with arriving aircraft in neaflight rules (VFR) flight plans (using the NAS-
real time. wide information service and the flight object).

Phase 1 research efforts will evaluate a strearhhe research will also investigate improvements
lined method for designing and certifying arrivato search and rescue capabilities using aircraft-
and departure routes. During Phase 2, researchteansmitted ADS-B position and identification.
integrating the automation decision support sysdditionally, this capability will also incorporate
tem to meet terminal and offshore requirementata received from the newly developed ELT,
will determine the appropriate level and extent ofhich provides discrete identification codes and
integration. Information display techniques willGPS-based position information (see Section 18,
then be developed to integrate surface, termindyionics).

and wake vortex informa_tion into a S"T‘P“ﬁed for'Phase 2 research efforts will enhance interactive
mat to _suppgrtt d(ﬁpErtlng l_angl arrmng traﬁ'cﬂight planning and alternative route development
sequencing. Data link applications that SUPPOfe qision support tools. It will also enhance search
air-ground negotiation of arrival trajectories WI||and rescue operation efficiency. Research will
?e |n\;eﬂs1t|gat(ted. PthasedB _re_search ontthe ;nteglr(?ék at the design of compatible domestic and in-
lon of the automation decision SUpPOrt SyStem 1@ 4o | flight plan/flight object formats to al-

meet terminal and s_urface requirements W'”. d§aw for increased preflight and in-flight informa-
termine the appropriate level and extent of inte:

. : . &ion exchange among service providers and users.
gration. Research efforts will also examine more _ o
effective means of displaying flight progress inPhase 3 research will develop the guidelines and
formation and concepts for other backup modepecification for the detailed time-based trajec-

of operation. tory flight profile that will replace the flight plan.
10.1.10 Tower 10.1.12 Aviation Weather

Tower-oriented research will provide decisionl N aviation weather research program focuses
support system tools and associated systems in@&. applied research and conducting limited basic
grated with terminal automation tools. This ref€séarch through collaboration with other federal

search will support predeparture clearances nd academic institutions. The program aims to

data link; real-time collaboration with terminal;dénerate more accurate and accessible weather
dynamic planning of surface movement; bettepPservations, warnings, and forecasts that allow

coordination of local operations based on arrival'e FAA to solve operational problems. Research

information and surface and departure scheduldgcuses on these areas:

surface and airborne surveillance information-Flight Icing. The goal is an hourly, gridded
and flight and weather information. This 'nformadepiction or forecast of in-flight icing. Research

tion will be provided to service providers, airlinegn freezing drizzle and icing severity will con-
ramp operators, airport operators, and airpofifye.

emergency center personnel. - _ _
Aviation Gridded Forecast SystemThis system

10.1.11 Flight Services mitigates communications bandwidth problems

The research goal in this domain is to develop d y transmitting the weather data as gridded data

cison suppor 00k and assocted sysems (105 W 0 STl 1 e e e
interactive preflight planning. The system will 9 9

provide planners with information (such as NA§‘nd improved algorithms to provide refined, crit'i—
constraints, SUA status, and notices to airme(fi".lI weather elements data—;uch as convection,
(NOTAMs)) and feedback about nonapprovefl‘:mg’and turbulence—to the aircraft.

segments of the proposed flight plan. The systeWifeather Support to Deicing Decisionmaking
will also propose alternatives so that a planner (8YSDDM). To optimize ground deicing opera-
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tions, WSDDM software will produce an accuraténclude identifying and validating task taxonomy,
graphical depiction of the real-time, 30-minuteoles and responsibilities, information flows, and
nowcast and a 4-hour forecast of precipitation irscenarios. Human-in-the-loop analyses of the sce-
tensity and type, weather condition, temperaturearios associated with concepts that reassign tasks
and wind speed for the 10-kilometer area arourat roles and responsibilities will also be per-
an airport. formed. Finally, fast-time simulations will be con-
dducted to link human-in-the-loop results to NAS

Humidity and Turbulence. Sensors are installe . .
UIlt_avels of traffic and complexity.

on board commercial aircraft to obtain outside h

midity data and algorithms that are added to the5jyation and validation of the safety and envi-
In-flight Management System to calculate turbuzonmental impacts associated with the CONOPS
lence. Humidity and turbulence data are theRj pe performed. The system modeling of the
downlinked as part of the aircraft's normal airNAS and the CONOPS will be updated to im-
ground communications. These increased and &Xve operational performance analysis. This
panded data provide a new capability for Nationgln5\ysis will support all phases of operational and
Weather Service (NWS) models, which improvegysiem development (i.e., concept development,
forecasting. At the same time, these improved aigyncept validation, demonstration, and deploy-
borne data allow scientists to update the logic ienp). It will also significantly improve the eco-

the algorithms used in the weather processol§ymic assessment in the investment analysis pro-
This data will be used to develop and test Ngepgg.

tional-scale turbulence modeling efforts.

Convective Weather Research is underway toResearch is reqL_Jired to support flexible airspace
improve convective weather forecasting to prd!Seé and dynamic resectorization. Some factors
vide forecasts of storm cells. Forecasts randg@t Will be considered are use of analytic tools
from short-term predictions of storm growth andd development of performance measures for
decay (nowcasts) to longer-term predictions d}rsPace u_tlllzatlon. Tools will be dth_anp_ed to

convective storm activity. The goal is to improvéavaluate airspace structure and sectorization dur-

today’s forecasts from 30 minutes to 6 hours {9 the day and to make adjustments as opera-
advance. tional situations demand. Additional airspace

considerations are to expand the oceanic and en
Ceiling and Visibility. This research is aimed atroyte routing structures and make them flexible.
providing short-term (up to 6 hours in advanceh, the terminal area, the goal is to expand the
predictions of when the ceiling and/or visibility innymper of airport departure and arrival routes.
a terminal area will allow routine instrumentgome research considerations are increased use of
flight rules (IFR) operations to be resumed. space-based navigation, late-descent flight pro-

Model Development and EnhancementThis files, and higher aircraft speeds when flying be-
research effort focuses on improving the accura¢§w 10,000 feet.
of numerical weather models that support aviatiolg

weather. esearch is required to establish operational in-

frastructure strategies based on availability and
Wake Vortex. The primary objective of the FAA safety of services. The primary goal is to develop
Wake Vortex program is to increase understangfault-tolerant NAS design based on safety, risk,
ing of vortex behavior so that new wake vortexecurity, and economic analysis. Studies will be
separation rules based on aircraft performanegnducted to determine metrics for system safety
can be established to increase terminal capacityand system performance parameters. Increased

10.1.13 NAS-Wide Research, Engineering, and RIQS s)utgms\t/lgp Oﬁv:ufg%gﬂeoitggfj&o determine
Development brop Y-

Concept of operations (CONOPS) research is A NAS software research and development pro-
cross-cutting activity that will be conducted to degram will investigate domain-specific software
velop additional detail and to validate thearchitecture to improve software reuse and reli-
CONOPS for the modernized NAS. Research wilibility. The program will address software certifi-
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cation, especially safety-critical systems that uddethodologies will be developed to determine
commercial off-the-shelf software. minimum safe separation criteria. The process
will account for the performance of situational
o -” awareness systems, such as navigation, communi-
panded use of remote monitoring and.m.a.'m%ation, surveillance, and decision support sys-
hance cont_rol that wil mclqde CD.M for prionitiz- 4o g, Additionally, operational factors such as
ing preventive and restorative maintenance activic ric flows, ATC, and cockpit human factors
ties. will be accommodated, and uncontrollable influ-

R,E&D activities are needed to support securitgnces such as weather and in-flight emergencies
services in the future NAS. This is associateWill have to be considered.

with developing and implementing new hardwar@esearch will consider the adaptation of interna-
and software functionality and related processingonal standards for reducing vertical separation to
and information flows. Known security ap-1 000 feet between aircraft flying above 29,000
proaches may not scale well, or they may not hget. Additional research will be needed to de-

appropriate for the NAS's mixed government-priye|op the requirements for transferring safe sepa-
vate composition. R,E&D security activities MuStation assurance responsibility from ATC to the

also address the security impacts of planned NASckpit under certain situations. The benefits and
work and define the necessary enhancements. costs of reducing or changing separation stan-

An additional requirement for the modernized@rds also need to be assessed.
NAS is to research innovative methods to suppoff) » Airports Technology

investment decisionmaking by the FAA. Becausxlahe Airports Technology R,E&D mission is to

of the deregulated nature and the diversity of therovide solutions that will allow the nation’s air-
user community, the traditional investmen

method of cost-benefit analysis is becoming ir’gorts to accommodate the projected traffic growth

- - - ost-effectively and safely. See Section 11, Regu-
creasingly ineffective. A strategy that reduces u tion and Certification Activities Affected by

certainty by considering the complex nature of tng U\ ey Ei e Pl e bliios for more de-

major consideration is the cost-effectiveness 6‘?”5'

user avionics and the cost of the decision suppdkirport technology R,E&D programs develop
systems required to support the CDM capabilitpew standards and criteria for airport planning,
of the automated NAS infrastructure. design, construction, operation, and maintenance.

Research into visual guidance systems will en-

To contribute to the development and implemery,nce air ; ;
. . port ground operations at night and dur-
tation of the 2005 NAS CONOPS and its Supporq - |o\.visibility conditions. Improvements in

ing architecture, human factors research will bgirport lighting, signs, and markings will help

addressing issues implicit in the design of ney jminate runway incursions. Airport research in-
systems and procedures. Research in this area WlLdeS'

define changes to operational concepts, and hu- _ _ _
man factors research will provide informatiorf Airport planning and design research, which

concerning the feasibility of these operational —Produces aircraft/terminal compatibility anal-
changes. yses, design standards for terminals, design

standards for multiple/parallel runways, and

The research and development activities regard- yser guides for airport operators and industry
ing separation standards and assurance will con-

tribute to safe separation of air traffic. The pri-

mary goal of separation standards research is to
provide decisionmakers with quantitative guid-

ance for establishing and maintaining safe separa-
tion standards. The secondary goal of this re-
search is to provide decisionmakers with tools to  Airport safety technology research, which
assess the value of changing separation standards. provides technical data supporting runway

The R,E&D program will further review the ex-

Airport pavement technology research, which
provides 3-dimensional, finite element mod-
els for airport pavement design, national
pavement test machine, and data base of in
situ airport pavement performance
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maintenance regulations and advisory circu-
lars; design specifications for fire training fa-
cilities; design criteria for airport, heliport,
and vertiport lighting and markings; technical
data on firefighting agents and vehicles; and
technical data and advisory circulars on wild-
life habitat management, bird harassment
techniques, and landfills.

10.3 Aircraft Safety

R,E&D includes research in a wide range of areas
related to the safety of aircraft, crew, and passen-
gers. The R,E&D program develops technology,
technical information, tools, standards, and prag-
tices to ensure the safe operation of the civil air-
craft fleet within a safe global air transportation

system. The program focuses on eliminating haz-
ards to a safe air transportation system, both to
prevent accidents and to mitigate the effects ¢fuman factors research is used to improve:
any accidents that do occur. See Section 32, FAA
Regulatory Mission, for more details.

Aircraft safety R,E&D programs develop new
technologies to improve NAS safety and provide
the FAAs Regulation and Certification organiza-,
tion (AVR) with the necessary information to
carry out its mission. These programs address thiiman performance remains a critical part of safe
many hazards that face all aircraft, as well as spaad efficient NAS operations. Advances in tech-
cial hazards endemic to certain segments of thelogy have increased the reliability of most NAS
civil aircraft fleet. For example, older aircraft arecomponents; however, the number of accidents
susceptible to structural problems caused ®nd incidents attributed to human error has re-
metal fatigue and corrosion; newer aircraft, wittnmained constant. AVR’s human factors programs
digital flight controls and imbedded software, areupport the National Plan for Civil Aviation Hu-
susceptible to electromagnetic interference. Thean Factors by addressing priority areas such as

major aircraft safety programs include:

JANUARY 1999

vanced materials and on seat restraint sys-
tems, and technical data on crash-resistant
auxiliary fuel system designs

Propulsion and fuel systems work that has re-
sulted in probabilistic engine rotor design

code, specifications for titanium alloys, and

certification standards for unleaded fuels

Flight safety/atmospheric hazards research
that led to aircraft surface-ice detection tech-
nologies and systems, electronic threat defini-
tion and validation, and technical data on dig-
ital technology for flight-critical systems

Aging aircraft program work that has enabled
the development of analytical tools and mod-
els to assess commuter and transport aircraft
structural integrity and repairs.

Systems design
Certification and regulation decisions
Operating directives

Training procedures.

aircrew performance, aircraft maintenance, and

aircraft cabin environment. Human factors re-

Aviation safety risk analysis, whichas re-
sulted in the safety performance analysis sys-
tem and the system for identifying aircraft
certification risks

Fire research and safety, which has led to re-
guirements for non-halon fire-extinguishing
agents, fire-hardened fuselage structures, fire-
safe emergency oxygen systems, fire-resistant
materials for cabin interiors, and cabin safety/
benefit analysis models

Advanced material/structure safety research,
which is responsible for the handbooks om
composite technologies and manufacturing/
inspection analysis techniques, data packages
on certification of structures made from ad-

search includes:

Research into the flight deck and aircraft
maintenance areas that led to the develop-
ment of human factors guidelines to reduce
automation-related errors

Flight deck/ATC system integration work that
resulted in human factors guidelines for com-
puter-human interface applications and the
ability to assess human performance in a
highly integrated/automated environment

Aeromedical research that led to quantitative
bioengineering criteria for aircraft evacua-
tion, flotation devices, and other rescue
equipment.
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10.4 Human Factors and Aviation Medicine support equipment, and threat assessments on

The Human Factors and Aviation Medicine pro- advanced terrorist weapons

gram identifies methods that help reduce the fatal Airport security technology research that pro-
accident rate; ensures human factors issues are vides airport vulnerability reports and ana-
addressed in the acquisition and integration of I|ytic models for threat, risk, and vulnerability
FAA aviation systems; and develops recommen- assessment

dations for protective equipment, procedures,
standards, and regulations to protect all aircraft
cabin occupants. Human factors research will in-
crease NAS safety and efficiency by developing
scientifically validated information and guidance

for improving the performance and productivity

of air traffic controllers and NAS system mainte410.6 Environment and Energy

nance technicians_. The Human Factors prografa environment and Energy R,E&D program
addresses operational requirements through fgeniifies, controls, and mitigates environmental

search in the areas of Human-Centered Automas,sqqences of aviation activity. The program is

tion, Selection and Training, Human Performancgomposed of three major disciplines, including

Alssessment_, Information Managemer:jt ar_1|d DiSiircraft noise reduction and control, engine emis-
play, and Bloaehrona%tlcs. For more details, Se§,ns reduction and control, and aviation environ-
Sections 8, 15 through 27, and 32. mental analysis. These disciplines form a cohe-
10.5 Aviation Physical Security sive focus of research projects to support federal

] o ] _actions regarding noise and engine exhaust emis-
The main goal of the Aviation Security program is;jons. See Section 30 for more details.
to mitigate the terrorist threat to the civil aviation

system. Through the Aviation Security R,E&D10.7 Program Management

program, the FAA promotes deVEIOpment of tEChFhe Program Management R,E&D program pro-
nologically improved products in explosive detecyides for effective and responsible stewardship of
tion, aircraft hardening, airport security, and hufunds entrusted to the FAA for research and de-
man factors. Products from the R,E&D progranyelopment by NAS users. Effective stewardship
include explosive detection systems and devicess the R,E&D program requires that NAS users
technologies, specifications, and technology intgeceive the best possible program for their invest-
gration plans. See Section 32 for more details. ment. Participants ensure that the correct research
Civil aviation security is focused on counteringS Performed, the necessary provisions are made
increasingly sophisticated threats to civil aviatiori the budget and planning process, and the high-
The spread of terrorism makes it imperative th&St stand_ard_s of financial accountability are rigor-
the FAA develop effective countermeasures. EnUSly maintained.

phasis is on developing automated capabilities mdditionally, the program must fund no research
prevent explosives from being carried onto aithat duplicates work being performed elsewhere,
craft and on enhancing human performance. Rparticularly with National Aeronautical and Space
search also includes devising test protocols apdiministration (NASA) funding. The FAA has
performance criteria for automated explosives dand will continue to work with other agencies, in-
tection systems. Civil aviation research includescluding NASA and DOD, to leverage research
gpllars in the search for common solutions to
|roblems affecting aviation.

Aviation security human factors research that
produces human systems integration analy-
ses, reports on explosives and weapons detec-
tion technologies, and automated profiling
systems.

» Explosives/weapons detection research th
has developed trace and bulk personng
screening portals and certification of trac@o.8 Summary

electronics screening systems Understanding what role new and emerging tech-

e Aircraft hardening research that providesologies play in NAS modernization and how to
guidelines for blast mitigation/aircraft hard-best adapt these technologies to increase NAS ef-
ening, design specifications for aircraft andiciency and safety are key elements in imple-
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menting this architecture. Working with industrybetween research and capital investment. Much of
and other government agencies, the FAA will lethe research identified in thdational Airspace
verage scarce resources to maximize potentiafchitecture Version 4.@ill need to rely on fund-
benefits. ing by public/private partnerships, industry in-

vestment, and the developing consensus on the
The transition of research funding from R,E&D taole and funding level for research within the
F&E appropriations has created a direct linkageAA and NASA on aviation research.
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11 REGULATION AND CERTIFICATION ACTIVITIES AFFECTED BY NEW NAS
ARCHITECTURE CAPABILITIES

The FAA’s regulation and certification mission isl1l.1 Ground-Based Components

carried out primarily by the Regulation and Certinost of Part 11, NAS Architecture Description,
fication (AVR) organization. AVR is responsibleaddresses ground-based air traffic control systems
for aircraft and aircraft component certificationthat the FAA will acquire as part of NAS modern-
continued airworthiness monitoring and inspedzation. The organizations responsible for ground-
tion, and new or revised flight regulations thabased equipment acceptance and certification are
change operating procedures. The other FAA ogietermined by the equipment’s function and in-
ganizations that perform regulation and certificaended use. Some systems may require accep
tion activities related to their primary mission arg@ance and certification from both the Airway Fa-
Air Traffic Services (ATS) and Research and Aceilities Service (AAF) and Air Traffic Service
quisitions (ARA). (AAT);! others may require action by only one.
For example, the Host/Oceanic Computer System
ATS is responsible for ground-based equipmeeplacement (HOCSR) described in Sections 21,
acceptance and certification. It also revises coEn Route, and 22, Oceanic and Offshore, will re-
troller operational procedures and orders as neguire AAF acceptance and certification for initial
essary to achieve the full benefits of the moderperating capability (IOC) based on specific pa-
ization effort. Most ground-based systems deaameters developed for this equipment. Typically,
scribed in the NAS architecture will have an AT®ne formal parameter to declare 10C involves
acceptance and certification requirement. having technicians properly trained in system
maintenance. Transition from I0C to operational
ARA develops initial functional and performancereadiness demonstration (ORD) is the responsibil-
specifications for products with the sponsoringty of AAT.
organization during the Integrated Product Tear]n
process. If the system produces electromagneg

signals, the Office of Spec””r_”. Policy and Ma that personnel can gain confidence and opera-
agement (ASR) develops additional performancg, | experience with the new equipment. Al-
specifications, such as what portion of the radif?lough the HOCSR, for example, probably wil
frequency spectrum the system will use and p3qt require any specific controller training, train-
rameters for radio frequency interference protegsg for other infrastructure systems is an impor-
tion.  Prior to system implementation, ARA conyant requirement that must be satisfied before the
ducts initial evaluations to ensure products meghnsition to ORD can begin. ATS will also be re-
requirements. sponsible for any changes to procedures enabled

or required by the new system (see paragraph

For NAS architecture purposes, the FAAS regular) 3 procedures/Rulemaking, for further discus-
tion and certification activities can be divided 'nt%ion _

three broad categories: ground-based compo-
nents, airborne components, and procedures/rulek.2 Aircraft Components

making. However, certification processes maylany of the new capabilities and modernization
vary on a case-by-case basis. That is, each pregforts described in the NAS Architecture Version
uct has a unique set of variables that affect thgo depend on equipping aircraft with certified
length of the certification process. Following is avionics. AVR is responsible for all airborne certi-
high-level discussion of the complex, cross-orgdication and procedural regulatory activities.
nizational certification mechanisms required byVithin AVR, the Aircraft Certification Service

the FAA. staff is responsible for certification related to de-

he transition to ORD typically involves a period
f dual operation of the old and new systems so

1. The Airway Facilities Service (AAF) and Air Traffic Service (AAT) are sub-organizations within the Air Traffic Services (ATS)
organization.

JANUARY 1999 REGULATION AND CERTIFICATION — 11-1



NATIONAL AIRSPACE SYSTEM

sign, production, and installation approvals foproved and -supervised test plan; identicality with
aircraft, aircraft modifications, and aircraft appli-a previously certified article; or a licensing agree-
ances as well as for monitoring manufacturers afrent from a Type Certificate or Supplemental
ter approvals are issued. Specialists in aircrafype Certificate holder. For a Technical Standard
certification offices (ACOs) located throughoutOrder Authorization, the FAA establishes mini-
the United States perform certification approvainum performance standards for the general
and manufacturer monitoring. The applicants aregquipment item (i.e., radios, the Global Position-
ultimately responsible for demonstrating to théng System (GPS), transponders, etc.), and the ap-
FAA ACO representatives that their designs conplicant submits material for FAA review demon-
ply with all applicable federal regulations. In genstrating that their product meets the standards.
eral, certification processes lead to the same thnle

. ) . "The Supplemental Type Certificate process is
required approvals: design approval, production . -
X . used to grant any one or all three required certifi-

approval, and installation approval.

cation approvals (design, production, installation)
Several methods are used to certify aircraft equifer changes to a Type Certificated product. A
ment such as avionics, but these methods only dpdpplemental Type Certificate (STC) is only
ply to aircraft that have Type Certificates. Avionvalid for a specific aircraft (one-time STC) or a
ics can be certified through an Amended Typspecific aircraft make and model (multiple STC).
Certificate, Parts Manufacturer Approval, TechniTo receive an STC, applicants must provide data
cal Standard Order Authorization, Supplementglroving the Type Certificated product still com-
Type Certificate, Form 337 Field Approval, or applies with its applicable certification basis. The
proval under an Operating Certificate (the airlineomplexity of the STC process depends on the ex-
equivalent of a Form 337 Field Approval). tent of the change being requested.

Certificated aircraft have a Type Certificate andhe Form 337 Field Approval process typically
Production Certificate based on the approved typevolves a Flight Standards Service representa-
design drawings and specifications that define thive? certifying that the alteration complies with
configuration and design features of the produategulations and conforms with accepted industry
including avionics equipment. For new avionicspractices. The three elements of this process are
the Type Certificate holder may elect to follow approval of data, conformity of installation, and
process that amends the Type Certificate and Papproval to return the aircraft to service. Ap-
duction Certificate to gain the design, productiorproval can be accomplished through an engineer-
and installation approvals for that aircraft modeing review, by physical inspection and testing, or
The extent of the change determines how simpley demonstration. Field Approvals usually apply
or complex the amendment process needs to beto one specific aircraft and require relatively less
esign data for substantiation than the other certi-

The Parts Manufacturer Approval and TeCth#ication processes. The extent of the alteration de-

Standard Order Authorization processes giv, rmines if the Field Approval process can be

manufacturers design and production aPProOVaizaq or if one of the other certification processes
for their products, but do not provide an mstallaﬁ—s needed

tion approval. The installation approval is subse-
quently granted through a Supplemental Type1.3 Procedures/Rulemaking
Certificate, Form 337 Field Approval, or under a

Airline Operating Certificate. 'Nas operations are governed by a complex set of

procedures and rules that determine controller and
The difference between a Parts Manufacturer Apilot actions. The new equipment and concepts
proval and Technical Standard Order Authorizadescribed in this document will have little or no
tion is the certification basis. A Parts Manufaceffect on the NAS until both controllers and pilots
turer Approval is granted based on test reportmve approved procedures that enable a change in
and computations conducted under an FAA-amperations. In some cases, the NAS architecture

2. The Flight Standards personnel may receive support from Aircraft Certification Service engineers or manufacturing inspectors
if needed.
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will also require airspace structure revisions bengly, regulations will need to be revised or new
fore the projected benefits can be realized. regulations created so that pilots can use new avi-

onics fully.
11.3.1 Controllers

ATS develops controller procedures for groundfable 11-1 is a preliminary summary of current
based air traffic control (ATC) components ofegulations in 14 CFR, Parts 1 through 1273, that
NAS modernization. FAA Order 7110.65, Airare affected by the baseline architecture capabili-
Traffic Control, describes services provided byies. The preliminary assessment has identified 11
controllers, safety standards that must be mairegulations that will require modification. Full de-
tained, and standardized methods to accomplisbriptions of the capabilities listed in Table 11-1
controller tasks. However, many of the new comppear in Section 5, Evolution of NAS Capabili-

cepts, such as Free Flight, fall outside the currefigs, and Appendix D, NAS Capabilities and Ma-
boundaries of 7110.65. If no changes are made .

procedures, controllers will be limited to using

the new equipment for traffic separation in muckor systems implemented in the near term, af-
the same way they used the equipment that wigted regulations will generally require only
replaced. This could severely limit the benefittnodest wording changes. However, in many in-
from modernization efforts and prevent final imstances, the existing regulations do not address
plementation of new concepts such as Free Flighfe new capabilities described in the architecture,

ATS is also responsible for airspace redesign. T§4ch as direct routing or cockpit display of traffic
day, changes to airspace design are usually ddRéormation for air-to-air surveillance. Therefore,
at the local level by the air traffic facilities that renew regulations will be required before longer-
quire a change. Typically, only refinements thad€rm concepts and systems can be implemented.
do not drastically alter the airspace configuratiol particular, the existing regulations will have to
around the facility are made to the existing strude expanded, or new regulations written, to estab-
ture. However, new capabilities for air traffic condish minimum avionics equipage requirements
trol proposed in the architecture may require straelative to airspace clasand type of operatioh.
tegic, systemwide changes to the airspace strugeditionally, procedures will have to be estab-
ture. lished for both controllers and pilots that detail

Without new controller procedures and changes PV @ircraft with varying equipage levels will be

the current airspace structure, new NAS capabificcommodated when operating in the same air-
ties will not be fully exploited, and the intendecPPace.

benefits will not be realized. Future versions o . . . .

the architecture will need to address in greater d reating or ghanglng regulaiions is a complex,
tail how, when, and what changes to controlldfMe-consuming process. By law, there are se-

procedures and airspace design are needed for §ygntial steps and mandatory comment periods
future NAS as part of a fully integrated modernthat must be observed before a rule becomes final.

ization plan. Simple changes or rules that do not generate a
great deal of comments can be processed in 12 to
11.3.2 Pilots 18 months. However, it can take 3 to 4 years for a

The Flight Standards Service develops basic opéinal rule to be issued if it entails major changes
ating procedures for pilots established in selectdfat generate many comments from the aviation
parts of 14 Code of Federal Regulations (CFR§OmMmMunity. It is reasonable to assume that any
Airlines may supplement these regulations withulemaking actions resulting in significant opera-

FAA-approved company operating proceduregional changes or minimum equipage require-

Many new capabilities will require new avionicsments will generate intense interest from the avia-
in aircraft before benefits are realized. Accordtion community.

3. Refers to class A,B,C,D,E, and G airspace.
4. Visual flight rules, instrument flight rules, 14 CFR Part 91, 121, 135, etc.
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11.4 Summary

The full range of benefits projected by the NAS
architecture will not occur without new or revised
aircraft operating regulations with complemen-
tary controller procedural changes and airspace
redesign. These are complex issues that will be
addressed in the architecture through a coopera-
tive effort of the FAA and the aviation commu-
nity.
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Table 11-1. Preliminary Analysis of Regulations Affected by the Baseline ArchitecturéSheet 1 of 2)

Capability Title

Federal Aviation Regulation (FAR) Part

=
HN

=
()

61.63

71.75

71.901

91.205

121.349

129.17

147
Appendix C

170.3

171 new
Subpart K

Initial WAAS Precision Approach Existing Airports

X

X

WAAS Precision Approach New Qualifiers

X

GPS Oceanic

Terrain Avoidance

Initial WAAS Cruise

LAAS Cat |

LAAS/Cat I/l

ITWS Stand Alone

Initial TWIP

Expanded TWIP

MDCRS

Enhanced MDCRS

Initial FIS

Automatic Simultaneous Weather Notification

Improved Terminal Surveillance (ASTERISK/SI)

Runway Incursion Reduction

Integrated Terminal Surveillance with ADS-B

Integrated En-Route Surveillance with ADS-B

Improved En-Route Surveillance (ASTERISK/SI)

Integrated Tower Area Surveillance

Air-Air ADS-B

X| X | X[ x| X

X X | X[ X| X| X

X| X | X| X| X

TIS via Mode-S

ADS-B Gap Filler

Ocean Surveillance via ADS-A

TDLS

CPDLC Build 1

XX X | X[ X X X[ X| X| X[ X| X| X| X| X| X| X| X| X| X| X|X|X|X|X|Xx

XX | X | X[ X X X[ X| X| X[ X| X| X| X| X| X|X| X| X| X| X| X|X|X|XxX|Xx

XX | X | X[ X X| X[ X| X| X[ X| X| X| X| X| X|X| X| X|X| X| X|X|X|XxX|Xx

XX X X[ X X| X[ X| X| X| X| X| X| X| X| X| X| X| X|X| X| X|X| X X
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Table 11-1. Preliminary Analysis of Regulations Affected by the Baseline ArchitecturdSheet 2 of 2)

Capability Title

Federal Aviation Regulation (FAR) Part

=
[N

=
()

61.63

71.75 71.901 91.205 121.349 129.17

147
Appendix C

170.3

171 new
Subpart K

CPDLC Build 1A

X

Oceanic Data Link

Multi-Sector Oceanic Data Link

>

Expanded TDLS

CPDLC Build 2 via VDL Mode-2

CPDLC Build 2 via VDL Mode-3

CPDLC Build 3 via VDL Mode-3

NAS-Wide Data Link

Interactive Airborne Refile

X X | X| X| X

aFAST with Wake Vortex

RVSM/50 Lateral

>

50/50

SMS

Low-Altitude Direct Routes—Using WAAS

Low-Altitude Direct Routes—Expanded Radar Cov-
erage

XX | X| X[ X X| X[ X| X| X| X| X| X| X| X

XX | X| X[ X X| X| X| X| X| X| X| X| X| X

XX | X| X[ X X| X[ X| X| X| X| X| X| X| X

XX | X| X| X| X| X| X| X| X| X

XX | X X X| X| X| X| X| X| X| X| X| X

Low-Altitude Direct Routes—Expanded Surveillance
Coverage

NAS-Wide Information Sharing

ELT for SAR and Flight Following
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12 PERSONNEL

As in most major service organizations, peoplfom 2007 to 2015. Consistent with the AT

are the NAS’s greatest asset. Thousands of peoptaffing plan projections, center and tower/
operate the equipment used to provide NAS seFRACON controller staffing levels will increase

vices to the aviators and passengers each day. Htea rate of 0.75 percent per year from 2003
FAA employs over 47,000 people. FAA operathrough 2015.

tions personnel_ include 17,000 operational corkg the NAS modernizes, workforce requirements
trollers, 3,500 flight service personnel, and 8,009, changes will need to be incorporated with a

maintenance personnel located at NAS sitgg,, yorm view. The NAS Sustainability Core

throughout the United States. The user group iRy getermined that greater efficiencies and re-
cludes 650,000 pilots operating more tha

. . . “quired skill sets will be sought by users and Con-
280,000 commercial, regional, general awatloa gnt by

d mili ircraf d 2000 : rbress that are not in place today. Staffing knowl-
and military aircraft, and 2, manutacturers. edge, skills, and abilities of the future workforce

FAA personnel include air traffic controllers,will change as major programs are implemented.
operational controllers, flight service specialistshirway Facilities positions will require increased
maintenance engineers, safety and securikpowledge of computer systems, software appli-
inspectors, environmental specialists, systems apdtions, air traffic operations, and NAS service
software engineers, operations research analysganagement, as well as satellite and digital tech-
human factors specialists, business managers, aralogy. Although no significant changes are
scientists, as well as individuals skilled in aneeded in major functions performed, staffing,
number of other disciplines. training, and hiring required to support mission
Reeds should be identified early.

These personnel are located at the FA
Headquarters in Washington, D.C., FAA towersJnion Contracts

FAA air route traffic control centers (ARTCCS),The new labor agreement recently reached with
and flight service stations. Air Traffic Servicesihe National Air Traffic Controllers Association
which provides the majority of FAA personnel, igNATCA) includes a reclassification of air traffic
comprised of Air Traffic (AT), Airway Facilities control (ATC) facilities from 5 categories to 12.
(AF), Air Traffic System Requirements, Systemrhe effects of this reclassification on the total
Capacity, and Independent Operational Test anghmper of controllers required and their associ-
Evaluation. ated costs have not been considered for this archi-
tecture.Contract negotiations are currently un-
derway with the Professional Airways Systems
Three primary factors affect staffing levels angpecialists (PASS). Any changes to staffing levels

costs assumed in the architecture: anticipatest costs are not included in this version of the ar-
growth in air traffic operations, union contractsghitecture.

and deployment of the NAS infrastructure man-
agement (NIM). A discussion of the effects ofNAS Infrastructure Management (NIM)
these changes follows. NIM is a centralized management concept for the
) NAS infrastructure, with maintenance control
Traffic Growth centers distributed throughout the countinansi-
According to FAA forecasts, worldwide aviationtioning to operations control centers (OCCs), im-
growth tracks with economic growth. Passenggiementation of remote maintenance monitoring
traffic, domestic enplanements, and internationakpability, and changes in the maintenance philos-
enplanements are forecast to increase annualiyphy will improve performance. The envisioned
Aircraft operations are forecast to grow at a rat@aintenance philosophy calls for deleting the in-
of 2.0 percent per year from 1994 to 2006he cumbent contractor maintenance and implement-
growth is assumed to continue at the same rate in-house field and software maintenance.

12.1 Factors Affecting Staffing Levels

1. SourcefFederal Aviation Forecast$iscal Years 1997-2008.
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NIM tools deployment will result in part of the
AF workforce (personnel who are not directly as-
signed to systems) remaining constant. Initial
staffing reductions have occurred in anticipation
of NIM tools deployment. Immediate effects will®
apply to field maintenance specialists, computer
operators, and the Operational Support Service
(AOS) workforce.

12.2 Assumptions .

Personnel Costs

The personnel funding in this section includes
personnel salaries and benefits. Other related ex-
penses associated with personnel—such as rent,
utilities, travel, training, and change-of-station
funding—appear in Section 31, Mission Support.
Funding for system field specialists is included in
the systems’ Operations (OPS) funding lines. *

The yearly expense for each person on the FAA
payroll is projected to grow faster than inflation.
Based on past trends, the expense of a controller
grows at 3 percent per year above inflation, and
the expense of non-controller workforce person-
nel grows at 1.5 percent per year above inflation.
This growth, when compounded annually, causes
considerable growth in OPS funding require-
ments.

Personnel Categories and Costs

Personnel funding is appropriated for the follow-
ing categories under Research, Engineering, and
Development (R,E&D), Facilities and Equipment
(F&E), and OPS:

R,E&D

» Personnel, Compensation, Benefits, and
Travel (PCB&T, R,E&D):Includes all per-
sonnel paid by R,E&D funding.

F&E .

* Personnel, Compensation, Benefits, and
Travel (PCB&T, F&E) Includes FAA Head-
guarters acquisition personnel and airway fa-
cilities installation staff paid by F&E funding.

OPS

* Air Route Traffic Control Center Personnel
(ARTCC-P) Includes the controller work-
force at air route traffic control centers
(ARTCCs). These individuals guide and di-

12-2 — ERSONNEL

rect the aircraft traffic from gate to airport
surface, takeoff, and landing and flight within
40 miles of airports.

Airport Traffic Control Tower Personnel
(ATCT-P) Includes the controller workforce
at air traffic control towers (ATCTs) and ter-
minal radar control (TRACON) facilities.

Air Traffic Planning, Development, and Eval-
uation Personnel (PDE-P)ncludes non-con-
troller workforce air traffic personnel located
at FAA Headquarters and in centers, towers,
and terminal radar approach control (TRA-
CON) facilities who perform the following
functions: planning, directing and evaluating;
administration; and system capacity analysis.

Flight Service Station Personnel (FSS-R)
cludes flight service personnel. These indi-
viduals provide preflight and in-flight
weather information for millions of general
aviation flights in addition to filing the flight
plans for those flights. Further, flight service
personnel help customs activities with avia-
tion border crossings and preliminary support
for search and rescue for potentially downed
aircraft.

FAA Headquarters Personnel (FAAHQ:P)

Includes staff who perform the following

functions: aviation regulation and certifica-
tion, security, safety, acquisition, commercial
space applications, airport administration,
general administration, medical, and general
counsel.

FAA Logistics, Flight Inspection Personnel
(FAALFI-P): Includes flight inspectors and
logistics personnel.

Airway Facilities Non-System (Non- Syis)
cludes Airway Facilities Headquarters staff
and regional and other staff not assigned di-
rectly to systems.

System Level Maintenance Workfordehis
level of personnel for specific systems main-
tenance is in the OPS and is not identified as a
separate category in this section. Approxi-
mately 20 percent of the current FAA work-
force maintains the ATC system

JANUARY 1999
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| 1998 Constant Dollars |

OpCB&T
®ARTCC-P
®ATCT-P

BFSS-P
OFAAHQ-P
BFAALFI-P

B AT Supervisors-P
SAT PDE-P

BAF NON-SYS

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 12-1. Estimated Personnel Costs

Staffing Levels (NATCA) in late 1998 reclassified air traffic con-

Figure 12-1 shows total personnel costs for bo ol facilities. Contract negotiations with PASS
ave not been factored into this architecture.

F&E and OPS by fiscal year, except for the A
systems field specialists whose positions are dedi 4 summary

cated to maintaining specific systems. (The fund; . .
ing for those positions is included with OPS fundq-AS the architecture is implemented, the types and

19 fo he specic systems ey suppart) Tol TS of persenne) eauired to cperat and
E%rrs]g??healmcic:]stlsggcgecast for 2015 are 30 perc?ﬂsted as necessary. Investigation into potential

cost saving due to FAA staffing level reductions
12.3 Watch ltems continues.

The effects of the labor agreement with the Na-
tional Air Traffic Controllers Association
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13 CosT OVERVIEW

Costs for executing this architecture are based on — Introducing new technologies
full life-cycle costs for fielding, operating, and/or
maintaining current systems and projected costs, )
including acquisition for future systems. NAS® Security:

modernization costs include training, procedures _ Maintaining security at airports and FAA
development, regulation changes, and certifica- facilities and in flight

tion requirements. The funding levels described
in the NAS Architecture Version 4.0 ensure con-
tinued safety for the flying public and growth of — Responding to environmental issues.

system capacity. Total costs by funding categony .,gs represented in this document indicate

are provided, except for Airport Improvements .., r (EY ts from 1 throuah 201
Program (AIP) funds, which are not currently in—ISCa year (FY) costs from 1998 through 2015.

tegrated into the NAS architecture. 13.1 FAA Funding Appropriations

The primary cost is for air traffic management Ne FAA receives four different types of appro-
services (i.e., the process of efficiently clearingriations from Congress each year: Research, En-
aircraft from origin to destination while maintain-gineering, and Development (R,E&D); Facilities

— Strategic planning for future operations

Environment:

ing safety). Other costs include: and Equipment (F&E); Operations (OPS), and
AIP. Figure 13-1 shows total FY R,E&D, F&E,
« Safety: and OPS costs (escalated for inflation) associated
— Safety inspection of aircraft with the architecture, which are based on the
FAAs January 1998 funding projections through
— Certifying new aircraft and avionics 2015.
— Testing and certifying pilots 13.1.1 Research, Engineering, and Develop-
« Capacity: ment Funding

— Disseminating information to airspace userg.’E&D aCt'V't'eS m_|n|m|z.e the risks asso_uated
with capital expenditures; focus research in areas

— Maintaining the NAS infrastructure with a high potential for success, such as joint re-

OTotal R,E&D
B Total OPS
BTotal F&E

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 13-1. Estimated NAS Architecture Costs

JANUARY 1999 CosT-13-1
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®personnel

= Automation
Bweather

B Navigation
OSurveillance

B Communications
O Mission Support

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 13-2. Estimated R,E&D Costs

search with the National Aeronautics and Spadeastructure in the near future to sustain current
Administration (NASA) for future avionics; and services and also to provide new capabilities and
research aviation-unique disciplines (e.g., aircradiervices to meet user needs. Delaying infrastruc-
fire safety). Figure 13-2 shows the estimatetiire replacement will cause increases in the OPS
R,E&D funding requirements associated with th&unding for maintaining equipment. Historically,
architecture. The FAA and NASA sponsor joinsystems reaching the end of their economic ser-
research projects; however, NASA research fundice lives fail more often and require increased
ing is not included in Figure 13-2. maintenance. In addition, it is difficult, costly, and
0§ometimes impossible to add functional enhance-

The R,E&D funds required in the early years )ments to these older systems.

NAS modernization (from 1999 through 2004
are significant because implementing a smootfthe gradual increase in F&E funding is shown in
low-risk NAS transition depends on researchFigure 13-1. Additional future user needs will
This R,E&D provides the foundation for projectsalso emerge over time, which could increase
that will implement the Government/Industryfunding requirements.
concept of operations (CONOPS). For more de- ) ]
tailed information about R,E&D activities, seel3-1.3 Operations Funding
Section 10, Research, Engineering, and DevelopPS funding and estimated requirements are
ment. shown in Figure 13-4. Investing capital can save
, _ operating expenses. The architecture considers
13.1.2 Facilities and Equipment Funding this, but as new systems are deployed, the total
Figure 13-3 shows the minimum estimated F&EOPS cost for a service increases until its transition
funding required to implement the NAS architecperiod is complete, the older equipment is re-
ture. F&E required in the financial baseline (froomoved from service, and the site is environmen-
1999 through 2004) is vital because a significamally restored. This is most dramatically demon-
amount of equipment replacement and infrastrustrated in the navigation functional area with the
ture refurbishment has been delayed due to thdeployment of the augmentation systems for sat-
previous lack of funds. The FAA must modernizeellite-based navigation and landing and the grad-
repair, and replace a significant portion of its inual phase-down of the ground-based navigation
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o Security

= Personnel

O Automation
m\Veather

o Navigation

B Surveillance

o Communications
o Facilities

= Mission Support

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 13-3. Estimated Architecture F&E Costs

and landing systems (see Section 15, Navigatiopansion of communications and information-shar-
Landing, and Lighting Systems). ing activities. Even though unit prices for com-
To implement the concepts of Free Flight, thwnications and commercially available com-
FAA must increase the services it provides tputer processors (like desktop personal comput-
NAS users. This is best demonstrated in the egfs) are decreasing, the FAAs use of and reliance

= personnel

= Automation
OWeather

® Navigation

B Surveillance

B Communications
B Mission Support

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 13-4. Estimated Architecture OPS Costs
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on these items is increasing, and therefore, the ®@nd general aviation organizations. These costs
tal OPS cost to provide services will rise. are discussed in Section 18, Avionics.

Operating the NAS is personnel-intensive; there3.3 Cost Estimate Methodology

fore, the dpminating cost element is personn%!onsistent with funding, a key goal of the NAS
cost_(see |F|g7u0re 13-5). Pefrsonnel_ account for apz pitecture is to modernize the NAS as quickly
proximately percent of operations costs (Sea?s possible to achieve Free Flight. In the architec-

Section 12, Personnel). As traffic and services Mire, investments are planned for new technology
crease more FAA personnel (controllers, traffi o implement Free Flight capabilities. Aging fa-

mandagders, technicians, inspectors, etc.) may fities and equipment are replaced in a time-
needead. phased manner. Capital investment is promoted to
13.1.4 Airport Improvement Program Funding ~@V0id escalating maintenance costs.

AIP funds are primarily airport improvementMost systems in the architecture are life-cycle
grants given to various qualifying airports. Air-funded. Life-cycle cost estimates include research
ports use the money to help modify or add rur@nd development; procurement; installation; oper-
ways, relocate utilities, or even buy land aroun@tions; associated personnel costs; and technology
the airport to ensure environmental compliancéPdates and other system upgrades. The timing of
for noise restrictions. Currently, AIP funding isfunding for new systems and upgrades to existing
not included in the architecture cost profiles. §yStems is based on the estimated life cycles of
FY99, work will focus on integrating airport de-€Xisting systems and on the estimated refresh cy-
velopment needs into the architecture. See Sede of the associated replacement systems.

tion 28, Airports, for additional information. TheSOme individual projects or investment areas

FAA will continue to fund approach lighting and(e.qg., traffic flow management and communica-

landing aids based on current criteria. tions) may show spikes of funding in some years.
These numbers can be smoothed by using multi-
year funding. As the budgeting process is com-
For NAS modernization to be realized, aircrafpleted, the estimates are revised to stabilize the
need to equip with new avionics. The costs fcyearly funding requirements.

avionics required by NAS modernization, as wel

as the transition/implementation periods, hav.

been estimated. The estimates were developed'B
the FAA working in conjunction with avionics * Engineering judgment
manufacturers, aircraft manufacturers, airlines, |ndustry estimates

13.2 User Avionics Costs

ost estimates are based on a variety of sources,
gluding:

* Investment analyses
A A » Cost-benefit analyses (CBAS)
ATC Systems, Including Associated

Direct Maintenance Personnel » Life-cycle cost estimates prepared to support
mission analyses

* April 1997 Future Telecommunications Book
for communications OPS costs

* Cost Performance System (COPS) and the
Workload Information System (WIS) for OPS
costs

* F&E funding baselines as of June 1998

» Software Life Cycle Model (SLIM) esti-
mates.

Rent, Utility and Other

Personnel
Approximately 70%

These sources were used as departure points for
cost analyses to estimate life-cycle R,E&D, F&E,
Figure 13-5. Estimated OPS Costs and OPS funding from 1998 through 2015. If a
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project changes significantly or if a new project iprojections. This modernization plan has identi-
created, estimates will be derived using the bef¢d all necessary funding needs for R,E&D,
data and estimating tools available. F&E, and OPS from 1998 through 2015. NAS

Estimates for programs that have been included i odernization costs i_nclude training, proced_u_res
the current FAA financial baseline are expected evelopment, rttaguTI:;tlon _changes,t _anfd ce_rt;flcfa-
be at least 80 percent accurate. Estimates for an" requiremen ts e_prlmaryht_:os IS Iordalr rat-
programs without approved baselines are less [ management Services, which Includes im-
curate. In other words, for programs without apgrovements In saft_aty, capacity, security, and envi-
proved baselines, the actual costs will be low pnment. AIP funding is not included in the archi-

than the estimate about half the time and high gcture cost profiles; however, user avionics costs
than the estimate about half the time are included. Cost estimates are based on recog

nized industry practices.
13.4 Watch Items

The ability to meet FAA funding projections.

13.5 Summary

The NAS Architecture Version 4.0 was developed
to stay within the FAA's January 1998 funding
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14 PART [II NAS A RCHITECTURE DESCRIPTION OVERVIEW

Sections 15 through 32 discuss the NAS fune- Costs
tional areas. Figure 14-1 illustrates the sequenee Watch Items.

of these functional areas by section number. Ea?—*ibure 14-2 depicts the evolutionary steps of each

;gﬁg?grg;\_’ers the following topics for each funCr'najor functional area by calendar year and shows

the relationship of the steps to overall phases of

e Overview NAS modernizationNo effort was made to syn-

e Evolution chronize the dates of the steps across the domains.
e Summary of Capabilities The steps occur when appropriate for each do-
* Human Factors main, given the program and implementation

» Transition schedules involved.

NAS Information Services
Avionics

16/ Communications
15| surveillance
Navigation, Landing,

and Lighting Systems

FAA Regulatory Mission
Mission Support
Environment and Energy

Facilities and Associated Systems

27| Airports
26 | Infrastructure Management
Aviation Weather

Flight Services
Tower and Airport Surface
Terminal

Oceanic and Offshore

20 | EnRoute

Traffic Flow Management

Figure 14-1. Roadmap of Functional Areas

(0@l 97/98|99|00|01|02(03| 04|05/ 06| 07/08|09(10 4
NAS Modernization Phases Phase 1 Phase2 Phase 3
Navigation Stepl | Step2 | Step 3 | Step 4
Surveillance Step 1 | Step 2 Step 3 L Step 4 | Step 5
Mobile Communications Stepl | Step 2 [ Step 3 [ Step 4
Interfacility Communications Step1 | Step 2 [ Step 3
Intrafacility Communications Step 1 [ Step 2 | Step 3
Avionics Step 1 | Step 2 J Step 3 Step 4
Collaboration & Info. Sharing Step 1 [ Step 2 [ Step 3 | Step 4
Traffic Flow Management Step 1 | Step 2 |: Step 3 | Step 4
En Route Step 1 | Step 2 | Step 3 ‘ Step 4
Oceanic Step 1 | Step 2 Step 3 \ Step 4
Offshore Sepl | Step2 [ steps | Step4
Terminal Step 1 | Step 2 | Step 3 H Step 4
Tower/Airport Surface Step 1 Step 2 | Step 3 Step 4
Flight Service Station Stepl | Step 2 | Step3
Aviation Weather Stepl | Step 2 | Step 3 Step 4
NAS Infrastructure Mgmt Step 1] Step 2 | Step 3 | Step 4

Figure 14-2. Functional Area Architectural Steps
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15 NAVIGATION , LANDING, AND LIGHTING SYSTEMS

The FAA, the Department of Defense (DOD), angacity and to meet FAA forecasts for increased
nonfederal agencies operate more than 4,30@ffic, severely congested airports may require
ground-based electronic navigational aides (Nadditional airport development (in terms of both

vaidd) that broadcast navigation signals within @&learance categories and pavement). Aviation sys-
limited area. This network of Navaids enabletem users and airports at low-capacity locations
users with suitable avionics to navigate en routgho want to take advantage of new opportunities
and safely fly nonprecision (course guidanceiay incur additional airport development costs.

only) and precision approaches (course and g“%D plans to replace the current GPS satellite

path guidance) in most meteorological ConOIIt'on%onstellation beginning in 2005. The new satel-

The FAA also provides a variety of approactites will feature an additional frequency (i.e., a
lighting systems that enhance pilot transition frorgecond frequency) to improve performance for
instrument reference to visual reference for lanaivil use.

ing. Operational requirements, including the spe- i . . .
cifgi]c aSproach to bg flown. dictate the ?ypes ;)néfter sufficient time to allow for installation of
configuration of the approach lighting system fo§atelllte-based avionics and sufficient experience

- L ith WAAS and LAAS operations, a phase-down
a particular runway. Approach lighting systemé’é‘; ground-based navigation systems will begin.

enable Category (CAT) | precision instrument ap= . S

proaches to be flown to one-quarter-mile Iowgp]e phasejdown is expected to begln_ in 2005.

visibility minimums. he exact timetable and extent of Navaid decom-
missioning will depend on the performance of the

The navigation and landing system will evolvesatellite-based systems, international agreements
from ground-based Navaids to a satellite-baseghd user acceptance.

system that will consist of the Global Positionin ) ) )
System (GPS) augmented by the Wide Area Au%_ongress has directed a sl_owdown in WAAS until
mentation System (WAAS) and the Local Are echnical a_n_d programmatic uncertainties are re-
Augmentation System (LAAS). The satellite-Solved. Initial operating capability (I0C) for

based system will meet the demand for addition¥YAAS is expected to begin in 2000. I10C is ex-

navigation and landing capabilities and improv@€cted to provide en route navigation and non-
safety while avoiding the cost of replacing, exPrecision and precision approach capability with

panding, and maintaining many of today'sOme operational restrictions. Incremental im-
ground-based Navaids. provements after IOC will enable pilots to use

) o ] GPS/WAAS avionics for all phases of flight dur-
The satellite-based navigation system will P'Oihg instrument meteorological conditions.
vide the basis for NAS-wide direct routing, pro-

vide guidance signals for precision approaches idere may be a need for a limited number of addi-
most runway ends in the NAS, and reduce the viional instrument landing systems (ILSs) to sup-
riety of navigation avionics required aboard airPOrt new runways at capacity-constrained air-
craft. Operational efficiency and safety will bePorts. These ILSs would be installed on an as-
improved by adding more than 4,200 precisioR€eded basis during the transition. Because GPS/
approaches (and an additional 4,200 nonprecisi¥MAAS is expected to provide service equivalent
approaches) at many airports lacking such cap& a CAT | ILS, emphasis would be in supporting
bilities today (see Section 28, Airports). CAT Il and 1112 requirements.

In order to take advantage of the opportunity thBuring phase-down, the reduced network of
new capabilities offer to significantly increase caground-based facilities (very high frequency

|_
<
o

1. A Navaid is any visual or electronic device, airborne or on the surface, that provides point-to-point guidance information or
position data to aircraft in flight, page 299, 1995 Airman’s Information Manual/Federal Aviation Regulations (AIM/FAR).

2. Lowest authorized ILS minima are: CAT |, 200-foot decision height and 1,800 to 2,400-foot runway visual range (RVR);
CAT Il, 100-foot decision height and 1,200-foot RVR; CAT llla, no decision height and 700-foot RVR; CAT llIb, no decision
height and 300-foot RVR (Reference: FAA Order 8400.10 U.S. Standard for Terminal Instrument Procedures).
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(VHF) omnidirectional range/distance measurin,
equipment (VOR/DME), nondirectional beacon: ops d
(NDBs), tactical air navigation (TACAN), or > ==
ILSs)) will enable users who are not equippe| /
with satellite-based avionics to continue to fly ir Ground Based Navigation Systems
the NAS. In some areas, these aircraft will need | Navigation Landing
. . . . TACAN TACAN
follow more circuitous routes than aircraft with VOR/DME VOR/DME
satellite-based avionics. In the event of an une; N8 s
pected localized loss of satellite-based service MLS

aircraft equipped exclusively with satellite-baseggre 15-1. Current Navigation Architecture

avionics in airspace with radar services will bGTACAN) facilities. The DOD operates an addi-
vectored to visual conditions, to areas where N5 30 such facilities at terminal locations.

vaid reception provides backup, or to regions un-
affected by the loss of the satellite navigatiomo supplement the VOR/DME network, the FAA
(SAT NAV) signal3 operates more than 700 NDBs, and the DOD

Studies are underway to: (1) determine how ma gpout 200 NDBs. NDBs are used as compass lo-
y to: ators in conjunction with some ILSs and for non-

ground_—based facilities should remain in servic recision approaches at low-traffic airports with-
to provide a temporary/permanent redundant nay-

igational capability, and (2) determine whethe ut convenient VOR approa(;hes. NDBs are also
GPS/WAAS can be’ the only navigation capabilit{lsed for en route operations in some remote areas
: ) : ¥ind for transitioning from oceanic to domestic en
carried aboard an aircraft and provided by FAAYoute airspace
The NAS Architecture will be revised in accor- '
dance with the study results. The FAA operates more than 600 TACAN sys-
tems to provi ir navigation for most militar
15.1 N_avigation and Landing Architecture a?ircrsaftc.) pD%Ddea?So opgriltgs ?noreosthan igo
Evolution TACANSs. The U.S. Coast Guard operates the Lo-
The following four steps present the evolutioman-C system, which can be used for en route nav-
from ground-based to satellite-based Navaids: igation in the NAS, provided another system
(VOR/DME, NDB, or TACAN) is carried on-

* gtep lt: 1N985Vg;gat'°n and Landing ArCh'teCtureooard. Current Loran-C avionics do not support
(Current— ) instrument approach operations.

» Step 2: Implementation of WAAS (ZOOO_ZOOZ)I'he FAA and DOD operate two types of precision

» Step 3: Completion of WAAS; Implementationapproach Navaids: ILS and a limited number of
of LAAS; Start Phase-Down of Ground-Basednicrowave landing systems (MLS). The FAA op-
Navaids (2003—-2007) erates about 1,000 ILSs and 26 MLSs. DOD oper-

. Step 4: Completion of Phase-Down of Groundgtes 180 ILSs and precision approach radars.

Based Navaid&008-2015). DOD operates the GPS satellite constellation.
L . : GPS provides worldwide, all-weather, 3-dimen-
15.1.1 Navigation and Landing Architecture sional position, velocity, and time data to a variety
Evolution—Step 1 (Current-1999) of civilian and military users. GPS is approved for
Figure 15-1 illustrates the current navigation aren route navigation and nonprecision approaches,
chitecture. The VOR/DME network provides usprovided that another system (VOR/DME, NDB,
ers with a primary means of navigation for ewr TACAN) is carried onboard. Certain GPS re-
route flight and nonprecision approaches. Theeivers are approved for navigation in oceanic
network consists of more than 1,000 VOR, VOR4Nd remote airspace; no other navigation systems
DME, or VORTAC (VOR co-located with are required onboard.

3. While some surveillance systems will evolve to make use of the GPS signals, surveillance radars will not be dependent on GPS
(see Section 16, Surveillance).
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The FAA operates and maintains approximately Loran-C: Can be used for en route naviga-
1,000 approach lighting systems. They consist of tion, provided another system (VOR/DME,
a configuration of lights starting at the landing NDB, or TACAN) is carried onboard. Current
threshold and extending into the approach area. Loran-C avionics do not support instrument
Some systems include sequenced flashing lights approach operations.

that appear to the pilot as a ball of light traveling

toward the runway at high speed. Inertial SystemsAre self-contained systems

used in many military and transport aircraft
A variety of approach lighting system configura-  for oceanic and domestic en route navigation.
tions exist. The most common are the medium-in- \» 5. provides a limited number of CAT |

tensity approach lighting systems with runway recision approaches and some nonprecision
alignment indicator lights (MALSR) to support ﬁlstrument ggproach operations P
CAT | precision approaches and the high-intensity '

approach lighting system with sequenced flashingonfederal organizations (i.e., airport authorities,
lights (ALSF-2) to support CAT Il and CAT Il states, airline operators, etc.) fund and operate ap-
precision approaches. proximately 1,500 Navaids at locations that do

o not qualify for federal funding due to insufficient
The FAA also operates and maintains approxiraffic. These organizations maintain and operate

mately 1,700 visual glide slope indicators. Thesge Navaids, and the FAA inspects and verifies
consist of 1,350 visual approach slope indicatoggejr safe operation under the nonfederal program.
(VASIs) and 350 precision approach path indicarpe nonfederal Navaids include approximately:
tors (PAPIs). Visual glide slope indicators providegg ILSs, 1,000 NDBs, 60 VORs, 100 DMEs, 10

visual referenC(_a to pilots as they approach th\ﬁLSS, and 50 to 100 lighting aids of various
runway for landing. Currently, the FAA is replac+, pes.

ing the VASIs with PAPIs because PAPIs conform

to International Civil Aviation Organization 15.1.2 Navigation and Landing Architecture
(ICAO) international standards while VASIs doEvolution (Implementation of WAAS)—Step 2
not. (2000-2002)

Depending on their operational needs and finakhe implementation of satellite navigation will
cial constraints, users choose to equip their aifelp the NAS to meet increasing aviation traffic

craft with a variety of avionics for navigating inand will allow a reduction in the number of
the NAS. These include: ground-based Navaids. The GPS signal must be

augmented to ensure accuracy, integrity, continu-
+ GPS: Provides navigation in oceanic and reity, and availability (see Figure 15-2). WAAS will
mote airspace. It can be used for en route nagtigment the GPS signal for en route and terminal
igation and nonprecision approaches ipavigation and instrument approaches. GPS, aug-
domestic airspace, provided another systemented by WAAS, will provide instrument ap-
(VOR/DME, NDB, or TACAN) is carried on- proaches to CAT | minima at most runway ends in

board. the NAS (where obstacle clearance, runway,
* VOR/DME:Provides navigation guidance for

en route navigation and nonprecision aj s WAS

roaches (TACAN for DOD).

proaches (TACAN for DOD) \ / (GEOSAT
* ILS: Provides navigation guidance for CAT I/

II/11l precision approaches. /
* Automatic Direction Finder (ADF)Provides WAAS

direction to an NDB ground transmitter. Ong | SfoundBased Ground

. L2 gation System

use is for a nonprecision instrument approac Systems

based on tracking to or from the beacon, with

out an electronic glideslope. Figure 15-2. GPS Augmented by WAAS
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lighting, and signage requirements are met). B&rocedural or operational restrictions may affect
cause WAAS can provide precision approaches &pproach availability.

new runways, to CAT | minima if required, the_ = . . .
need for new ILS CAT | approach equipment wilP€CiSions on approach minima will need to be
nade at some locations where %2-mile visibility is

be eliminated. In addition to added instrument ap"

proaches, users will benefit from increased ard¥pt Necessary, thus avoiding the high cost of in-
navigation and more direct routing. strument apprqach lighting systems. During this
initial phase, pilots who need to plan for an IFR

WAAS consists of master stations and preciseliternate airport may need to rely on visual ap-
surveyed reference stations interconnected bypeoach procedures or on Navaids, such as ILS,
terrestrial communications infrastructure. ComvOR/DME, or NDB, similar to operations today.
munications from the ground master stations afkhe initial WAAS precision approach coverage
broadcast to aircraft via WAAS geostationary satrea will be limited, depending on the location of
ellites (see Figure 15-3). WAAS reference stations and the coverage of

. . WAAS satellites. The coverage volume will grad-
To improve GPS accuracy, WAAS geo_statlongrxa”y increase as data are collected to substantiate
satellites (GEOSATSs) will broadcast d'ﬁerem'alGPS/WAAS ionospheric berformance
corrections for ionospheric delay, satellite posi- P P '
tion, and satellite clock errors. The reference stan interim phase will provide additional master
tions monitor the GPS and WAAS signals to erand reference stations to improve WAAS cover-
sure system integrity and report any anomalies &ge, performance, and real-time availability. Au-
the master station. GEOSATs broadcast statusttfmated notice to airmen (NOTAM) service with
the aircraft avionics. Availability is improved be-predictive capabilities will become available.

cause WAAS geostationary satellites appear to the
avionics as additional GPS satellites. Instrument approach procedures based on GPS/

_ _ _ _ WAAS will be published by WAAS IOC. Subse-
WAAS will be implemented in phasesith oper- quently, 500 procedures will be published each
ational capability improving at each phase. Thgear until requirements are met. In addition, 500

|n|t|aI phase, WhICh consists of 25 referen_ce St&@PS nonprecision approach procedures will be
tions, 2 master stations, and GEOSAT uplink stafeveloped annually.

tions, has been installed. It is in the process of be-

ing networked and tested to provide an initial opt5.1.3 Navigation and Landing Architecture
erating capability (IOC) for flight operations in Evolution (Completion of WAAS, Implementa-
2000. The 10C will provide signals for domestiction of LAAS, Start Phase-Down of Ground-
en route navigation and nonprecision and predBased Navaids)—Step 3 (2003—2007)

sion instrument approaches with operational r

strictions within a limited WAAS coverage area. ?n its final phase, WAAS will achieve full operat-

ing capability (FOC) by the addition of ground
During this phase, WAAS-equipped aircraft willmonitoring and control stations and geosatellites.
be able to fly instrument flight rules (IFR) withoutHardware installed earlier in the program will be
having other navigation avionics aboard (e.guypgraded. WAAS will then provide performance
VOR/DME or NDB). However, procedural or op-equivalent to ILS CAT | with a level of service
erational restrictions may affect the availability ofhat is sufficient to replace existing VOR/DME
GPS/WAAS approaches in some areas of trand NDB facilities and most CAT | ILS facilities.
country. Flights in these areas will need to rely oAlso at FOC, the interim procedural and opera-
existing procedures and VOR/DME or NDB. tional restrictions imposed at IOC will be re-

The initial phase of WAAS will provide CAT | MoVe%:

precision approach capability within a limitedTo provide additional precision approaches,
coverage area. However, the precision approathAS will be installed to augment GPS in this
minima initially authorized may be somewhastep. LAAS will augment GPS at a planned 112
higher than current CAT | ILS minima while bothairports in the NAS to provide CAT Il/lll preci-
the FAA and aircraft operators gain experienceion approaches (see Figure 15-4).
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in the NAS, refer to Section 16, Surveillance;
GPS Section 18, Avionics; Section 23, Terminal; and
\ Section 24, Tower and Airport Surface.

‘4 The FAAs plans for the transition to SAT NAV
o= technology and for the phaseout of ground-based

/ Navaids will be periodically reevaluated. An
LAAS * FAA-funded risk assessment study.is bein_g con-
Ground ILS ducted to determine whether satellite navigation
System MLS technology can serve as an only means of radion-
avigation in the NAS. Assessment results are ex-

Figure 15-4. GPS Augmented by LAAS pected in early 1999. If it is determined that GPS/

WAAS/LAAS cannot satisfy the performance re-
quirements to be the only navigation system in-

LAAS will also provide CAT | precision aP- stalled in an aircraft or provided by the FAA, then
proaches at a planned 31 airports that are eltt]{ar

) . may be necessary to maintain a reduced net-
o_u_t3|de of WAA.S coverage (17) or hav_e_ high AGork of ground-based Navaids beyond 2010 to
tivity that requires a higher availability than

WAAS can support (14). LAAS capability doesSUpport satellite navigation.

not require WAAS, and its implementation schedAs soon as circumstances permit, the FAA plans
ule is independent of the WAAS program. Theo begin reducing the number of ground-based
LAAS architecture is shown in Figure 15-5. Navaids in a two-step phase-down. Criteria for

Suitable approach lighting systems will be injdentifying the Navaids to be shut down will be

stalled to support additional precision instrumerﬁw)“Shed well ahead of the first step.
approach procedures enabled by LAAS. Prior to starting the first step of phase-down, the

; I .~ : FAA, in conjunction with users, expects to deter-
A LAAS installation is anticipated to consist o_f %nine whether the phase-down schedule should be
. ; djusted. Preliminary analysis indicates that ap-
GPS receivers, a VHF link, and one or mor .
pseudolite$ to increase availability. The LAAS proximately 350 VORs and 300 ILSs would be

ground station will calculate differential accuracfhUt down in the first step, leaving sufficient

corrections based on the station’s location and (%ound-based Navaids to enable users who are not

measurements taken from each GPS satellite.elgUiloloecj with satellite-based avionics to continue

will then broadcast the corrections on VHF radi'EO fly in the NAS.

o_navigation freque_ncies, tpggther Wi.th an integ1'5.1.4 Navigation and Landing Architecture
rity message, to aircraft within a radius of 20 &\ olution (Completion of the Phase-Down of

30 nmi from the airport. LAAS is expected to beGround-Based Navaids)—Step 4 (2008—-2015)
significantly more affordable to install, operate,

and maintain than ILS. One LAAS will allow Completion of the first step of the ground Navaid

CAT Il/ll precision approaches at all runwayphase-down is expected in 2008. A second step,
ends at an airport, topology and lighting equipslated for 2009 to 2010, would shut down approx-
ment permitting. This is a savings compared tonately 100 VORs, 250 ILSs, and 470 NDBs.

ILS technology, which requires each runway en

to have an ILS. %ihe remaining Navaids (approximately 600

VOR/DMEs, 500 ILSs, and 280 NDBs) would be
LAAS is expected to support ground operationsufficient to support en route navigation and in-
such as runway incursion avoidance and airpastrument operations at the busier airports in the
surface navigation and surveillance. For addNAS (about 2,400) should there be a disruption in
tional information about how LAAS will be used GPS/WAAS service.

4. A pseudolite is a ground-based transmitter of GPS-like signals that are used for ranging. The number and placement of pseudo-
lites will depend on the topology of each site.
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Because precision landing services will eventiwould not improve NAS operations, whereas
ally depend primarily on the use of GPS signa®¥/AAS and LAAS support direct routes and en-
augmented by WAAS and LAAS differential cor-able more flexible use of airspace.

rection signals, it is clear that these systems neéglt llite-based denloved and
to be protected from harmful interference. ThE'Ner satellite-based systems are deployed an

FAAS is currently working with DOD to develop certified, and before other Navaid systems can be
safety and system security countermeasures f3725€d cl)@t(see Figure 15—6),bthe following three
satellite-based navigation and landing systems ggSential prerequisites must be met:

prevent or mitigate interference such as jammingystem Performance. New technology must
Integrity of the satellite-based system will beneet service requirements. This will be deter-

assured prior to phasing out ground-basefined through analyses, flight tests, and opera-
Navaids. New GPS satellites with a second Civ{lonal experience.

frequency capability will be launched during this

period to replace all the current GPS satellite§perational/Economic Benefits.There must be
The addition of the second civil frequency wilisufficient operational and economic incentive be-
mitigate the effects of unintentional jamming andiore users will invest in satellite-compatible avi-
could also provide increased accuracy by meaf8ics. Economic benefits include using a WAAS

of the direct measurement of ionospheric delay Bf & WAAS/LAAS receiver in lieu of multiple
aircraft dual-frequency avionics. avionics, fuel savings from user-preferred routes,

and direct routes in high-density areas. Opera-
Ground-based systems are expensive to procuf@nal benefits include instrument approaches at
install, and maintain. Current NAS planning in-neW airports and runway ends and enhanced effi-
cludes sufficient funding to maintain the Navaittiency because of additional approaches. GPS
infrastructure in accordance with near-term aviayith WAAS augmentation can provide vertical
tion growth and with the navigation and landingyuidance for all future instrument approach pro-
architecture described herein (i.e., with a Navaigedures—greatly increasing flight safety. In the
phase-down). past, pilots readily accepted and began using sat-
However, if users do not convert to GPS-basc]lite-based navigation soon after it was certified
avionics, and if plans to phase out ground-base a supp!emgntal_l means of navigation. .Add!'
Navaids are not realized, then Navaidaching |ona_l user |mp_I|ca_1t|ons and costs are described in
the end of their service life will need to be re_Sectlon 18, Avionics.
placed. Transition Period. The transition period begins

Currently, it costs the FAA $170M annually to Op_Wlth the initial operational availability of GPS/

erate the ground-based system. Replacing the

ground-based systems would require an estimat

$2.61B investmerft.Additionally, if users do not GPS / (e
convert to GPS-based avionics, more grount

based Navaids will be needed over time to su

port aviation growth. For example, more than 20 /Y R

airport authorities have requested, and are eligit

for, new ILS installations.

LAAS WAAS
. . . . Ground Ground
Substantial investment would be required to ir System System

stall or replace Navaids designed to support
1950’s operational concept. Such an investmemigure 15-6. Ground-Based Navaids Phased Out

The FAA integrated product team and the NAS Information Security Program.

FAA cost estimate.

Reference: Mission Need Statement 120, Establishment of ILS and Associated Aids, paragraph 9(b)(2), 2 Feb 1993.

Under current law, ground-based Navaids can be transferred to nonfederal sponsors who can continue to operate them. How-
ever, the FAA needs to recover valuable VHF spectrum to use for other safety-critical services.

© No g
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WAAS and associated avionics in 2000. Usemsrage area; however, some additional procedural
must have time to recoup their investment in cupr operational restrictions may be necessary. Sub-
rent avionics, and the FAA must have time to desequent phases will incorporate additional ground
velop and publish instrument approach procérardware, software upgrades, geosatellites, and
dures for use with the new technology. A reasommproved operational control until WAAS FOC is
able compromise must be reached between thehieved. WAAS will then satisfy requirements
FAA's desire for a rapid transition and the aircraffor using GPS for departure, en route, and termi-
operator’s desire to use current equipment as longl area navigation and for CAT | precision ap-
as possible. proaches. The operational and procedural restric-

. tions initially imposed will not be necessary.
15.2 Summary of Capabilities

The existing ground-based navigation and Iandirlr'gcﬁ‘ASE).'ltc‘ expe(cjteé:i fto also _prov[de ﬂ:e aI]Ic-weathe_r
capabilities will evolve to a satellite-based syste pability needed for precise airport surface navi-

using GPS and related augmentation systems (Sqaaéiqn_. A single LAAS Wi.”. provide CAT 11/l
Figure 15-7). GPS/WAAS will become the pri_p_reC|S|on approach C.E."pab'“ty to all runways at an
mary means for en route and terminal navigatio rport. LAAS capability and deployment is inde-

and will provide CAT | approach capability to air_pendent Of WAAS.
ports_._GPS/LAAS will provide CAT_ Il and Il £5_3 Human Eactors
precision approaches to selected airports. LAA

will also provide CAT | approaches to airportdJntil now, only a relatively few users, equipped

outside WAAS coverage and to a few high-actiwith flight management computer systems or Lo-
ity airports. As WAAS/LAAS coverage extendsran-C, had a flexible, point-to-point navigational

throughout the NAS, the ground-based navigatiogapability. In the immediate future, however, any
and landing systems will be phased down, leavirgjrcraft equipped with GPS or WAAS avionics

sufficient Navaids to support principal air routedvill have the capability to navigate directly be-

and instrument approaches at high-activity aiftween any two points, independent of Navaids or
ports, should there be a GPS/WAAS service outraditional published routes.

age.

|_
<
o

Pilots seeking to take full advantage of this direct
In its initial phase, WAAS will provide a func- routing capability pose a significant challenge to
tional verification system for developing test andhe air traffic control (ATC) system and to con-
evaluation procedures and conducting WAA®ollers, who are tasked with ensuring safe separa-
system-level testing and operational testing. Dution between aircraft while facilitating efficient
ing this time, GPS can be used for en route nauraffic flow. New procedures, automation tools,
gation and precision approaches in a limited coand training will be necessary to help controllers

Space-based en route navigation

Space-based CAT | precision approaches
to selected airports and limited navigation en route

Expanded space-based CAT | precision approaches
and en route navigation with fewer operational restrictions

NAS-wide space-based en route navigation and
additional CAT | approaches without operational restrictions

Phase-
Down
Navaids

GPS
Avionics

LAAS
CAT Il

Implement phase-down_strategy 350 VORs and 300 ILSs shutdown

Implement phase-down_strateqy 100 VORs, 250 ILSs, and 470 NDBs shutdown

Figure 15-7. Navigation and Landing Capabilities Summary
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and pilots manage these capabilities safely and ef- Ground-based Navaids phase-down strategy.

ficiently.
15.5 Costs

New cockpit displays, including moving maps, : . :
I o : he FAA estimates for research, engineering, and
and cockpit display of traffic information (CDTI), evelopment (R,E&D); facilities ang equipr%ent

are either available or in development. Tradition , ) .
fixes used by controllers and pilots will be ref( &E); and operations (OPS) life-cycle costs for

it : navigation, landing, and lighting systems archi-
placed by p|Ic_>t d‘?f'”ed waypoints. The_georefertecture from 1998 through 2015 are presented in
ences for navigation and surveillance will Changec‘onstant EY98 dollars in Eiqure 15-9
Additionally, new GPS-based instrument ap- 9 '
proach procedures are being developed. The Safg g Watch ltems

Flight 21 Program is intended to provide th.el'he evolution of the navigation architecture de-

means for developing and/or testing the equ'%‘;nds on policy decisions, regulations, equipment

anuiggfﬁgteuggﬁ %n?egisllﬁgizﬁ ggﬂgﬁ:lsegfpgg rtification, standards development, and perfor-
ance factors. These include:

WAAS and LAAS.

N * Availability of GEOSATs (Additional satel-
15.4 Transition lites are needed for WAAS to achieve its full
The navigation and landing transition schedule is operational capability. A study will evaluate
shown in Figure 15-8. Specific activities associ- the options available for providing the addi-
ated with the navigation and landing architecture tional satellites. Funding to lease the addi-
are: tional satellite capability is programmed to

» Safe Flight 21 Program demonstration of pro- begin in FY02 or 03)
totype LAAS at demonstration sites e Studies on redundant Navaids (The FAA is

. . studying what redundant navigational capa-
GPS/WAAS backup analysis bility may be required in the event of a GPS

*  WAAS deployment (IOC/FOC) outage.)
* LAAS deployment » Certified, affordable avionics
(@' 93 99(00|01/02|03|04| 05| 06| 07| 08| 09| 10 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transition Steps Step1 Step2 Step3 Step 4

Ground- Redundant Capability 50%

Navaids VOR, VORTAC, TACAN, NDB, LORAN-C

GPSWALS GPSIWAAS

Precision ILSIDME - CAT |

Approach Redundant Capability

Naveids Redundant Capability 50%
ILS/DME - CAT II/Il
GPSILAAS e
Approach Lighting
Approach Lighting

Figure 15-8. Navigation and Landing Transition
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Figure 15-9. Estimated Navigation Costs
» Policies on carrying redundant equipage — Reuse of frequency spectrum presently

b . dedicated to navigation for other aeronauti-
L] .

rogrammatic issues cal services
— WAAS performance — Continuation or shutdown of nonfederal
Navaids

LAAS/WAAS schedule

— Rate and willingness of users to equip with
Development of LAAS standards WAAS/LAAS avionics

|_
<
o

Second civil frequency

International interoperability:

* Policy issues: — International agreements and standards for
satellite-based systems to ensure global in-

— Notice of proposed rulemaking for airspace teroperability

minimum avionics equipage and required
navigation performance — Operational procedures.

9. The United States leads or actively participates on several ICAO Air Navigation Commission (ANC) panels. Panel members
develop international standards, which are approved by the Council, ICAO’s governing body. It is essential to NAS architecture
development to fully incorporate these international standards. Within the navigation area, recent standardizing efforts includ
work on: airspace planning methodology for determining separation minima by the Review of the General Concept of Separa-
tion Panel (RGCSP); standards and recommended practices (SARPs) development by the All Weather Operations Panel
(AWOP); and long-term requirements and SARPs developed by the Global Navigation Satellite System Panel (GNSSP).
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16 SURVEILLANCE

Following are definitions of the terms used in the
surveillance architecture:

Independent Surveillance: The use of primary
radar to independently detect and determine the
range and azimuth (2-dimensional position) of
aircraft by means of reflected radar energy. Air-
port surface detection equipment (ASDE) primary
radars are used to determine the position of air-
craft and vehicles operating on airport taxiways
and runways. Primary radar surveillancende-
pendentbecause aircraft or ground vehicles need
not be equipped with any enabling avionics to be

(and other data) via ADS-A or ADS-B com-
munications equipment.

Automatic Dependent Surveillance
Addressable (ADS-A)A different form of
ADS, designed to support oceanic aeronauti-
cal operations, based on one-to-one commu-
nications between aircraft providing ADS in-
formation and a ground facility requiring re-
ceipt of ADS reports. The term “ADS-A,” as
used here is equivalent to “ADS” as discussed
in International Civil Aviation Organization
(ICAO) documentation.

detected. .
Overview

Coopgrative Surveillance:The use of_secondary-_rhe concept of operations (CONOPS) calls for
surveillance radar (SSR) to determine the posiyrveillance of all controlled aircraft in the do-
tion, assigned beacon code (4,096 codes are Ciestic airspace, using ADS and radar systems.
rently available), and in most cases, the barometps will be based on aircraft latitude/longitude
ric altitude of an airborne aircraft by interrogatio osition and Ve|ocity reports from the aircraft's
of a transponder onboard the aircraft. Because tRgvigation system, barometric altitude, as well as
aircraft must be equipped with a transponder, SS§fort-term intent information (next way points).
technology is deemed to provideoperativesur- The CONOPS emphasizes the importance of
veillance. Mode-3/A transponders reply with onlyzADs for both air-air and ground-based surveil-
the assigned code. Mode-3/C transponders (thighce and extending instrument flight rules (IFR)
most common type) reply with both assignedeparation services to nonradar areas of domestig

code and altitude. Mode-Select (Mode-S) trargirspace. The future cockpit applications for
sponders reply with assigned code and barometi$)s-B include:

altitude to all SSR interrogators and also include a
discrete, permanently assigned address when fe-
plying to Mode-S interrogators. The Mode-S syss Separation assurance
tem also permits additional data to be exchanged
between aircraft and Mode-S radars.

PART Il

Pilot situational awareness

Limited shared responsibility for separation

e Safer airport surface operations in reduced

Automatic Dependent Surveillance: visibility conditions.

» Automatic Dependent Surveillance BroadThe surveillance architecture will support Free
cast (ADS-B)The function on an aircraft or Flight, provide increased surveillance coverage,
surface vehicle that broadcasts position, altimprove safety, and increase airspace capacity.
tude, vector, and other information for use by’hanges in surveillance are designed to open air-
other aircraft, vehicles, and ground facilities. space, allow for more direct routings, and in-

. Automatic Dependent Surveillance (ADS)_crease NAS flexibility to meet growing demand.

The use of ADS-B information by ground fa-The current domestic surveillance system consists
cilities to perform surveillance of airborneof primary and SSRs that are used to detect air-
aircraft and aircraft or vehicles operating oreraft and determine their position and identity. Air
the airport surface. This technology idraffic control (ATC) automation systems process
deemed to providdependensurveillance be- the radar data for display to air traffic controllers.
cause it relies totally on each aircraft to detelControllers use these data to separate aircraft fly-
mine its position (by means of the onboaréhg under IFR from other aircraft, obstacles, ter-
navigation system) and report that positiomain, and special use airspace and to provide
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weather advisory services. Weather detectiaduced. These surveillance improvements are ex-
functions provided by today’s radar surveillanc@ected to help expedite traffic flow in the NAS.
systems are discussed in Section 26, Aviati

Weather. %he CONOPS calls for implementing surveil-

lance capability in oceanic airspace. In today’s
The NAS surveillance architecture will use pri2C€anic airspace environment, “procedural” sepa-
mary radars with digital technology for terminaf@tion between aircraft is managed by means of
airspace, but primary radars will be phased out 89" frequency radio position reports provided
en route airspace. SSRs with selective interrogd€Pally by pilots to controllers, indirectly
tion (SI) capability will be used in both en routdnrough a third-party commercial communica-
and terminal airspace. The S| capability allowdOnS provider. No means of direct oceanic sur-
the ATC automation, when modified, to utilize the/€lllance is currently available. Consequently, the
uniqgue Mode-S transponder identification codéfduired lateral/longitudinal separation between
permanently assigned to an aircraft. eliminatedrcraft in oceanic airspace is very conservative
false data from the controller’s display; and sugPetween 60 and 80 nmi), and the capability to ap-
ports use of Mode-S data link to provide traffid®roVe route and altitude changes is constrained.
information service (TIS) to the cockpit. ATC surveillance in oceanic airspace will be
. . based on ADS-A reports to oceanic controllers
The Mode-S data link will also enable use of a fziy gateliite communications (SATCOM), high
ture Ground-Initiated Communications Broad’frequency data link (HFDL), or other subnet-
cast (GICB) message. The accuracy of the pogjj ks The reports, which are derived from Fu-

tion and intent information received from the airture Air Navigation System (FANS-1A) or aero-
craft via the GICB message is expected 10 signiflyg,tical telecommunications network (ATN) avi-

cantly improve target tracking and thé,nicg inciude barometric altitude, latitude/iongi-
performance of controller tools such as confli

de position, velocity, and short-term intent

alert, conflict probe, and the Final Approachytrmation (next way points). Ground equipment
Spacing Tool (FAST). The GICB will capture the

. ; ) s ) and automation will display the aircraft position
aircraft's .ADS'B m_formatl(_)n In concert with the 5ng track to oceanic controllers, enabling current
beacon interrogation. This allows independenkie q|/ongitudinal separation standards to be re-
verification of position, supports separation beg,,
tween ADS-B aircraft and those not equipped (es-
pecially important during transition), and allowsl6.1 Surveillance Architecture Evolution

the FAA to use the SSR network as part of 5 ensure high availability of services in domestic
larger network of ground listening stations. airspace, the surveillance architecture provides at
{ enough users equip wih ADS-3 avionicsi€2SL WO complementary feane of uneflance
ADS-B for air-air surveillance will be imple- xampie, 9 yste
. . L . a[tssomated with ADS-B malfunctions, beacon in-
mented in domestic and oceanic airspace. PI|OtS . . : . .
L . errogation will continue to provide cooperative
are expected to use ADS-B air-air surveillance for

X . o urveillance as a basis for separation. In oceanic
situational awareness. In oceanic airspace, ADS: P

B may be approved as a means for pilots o cofirspace, surveillance will be provided by ADS-A

duct in-trail climbs, descents, and passing maneﬁgmmunlcated via SATCOM, HFDL, or other
vers Subnetworks.

éurveillance System Domains

If enough users equip, compatible ADS groun i four NAS d o
systems, which leverage off of the avionics equ urveillance systems support four N omains:
(31) en route, (2) oceanic, (3) terminal, and (4)

page, will be implemented in domestic airspac

(see Figure 16-1). Due to the characteristics &fWer/surface.

ADS-B (frequent broadcast of position), ADS-B-En Route Domain.A new SSR air traffic control
based surveillance is expected to be the most deacon interrogator (ATCBI-6) with Sl and the
curate form of surveillance, potentially allowingGICB feature will be installed at all ATCBI-4 and
minimum aircraft separation standards to be ré&TCBI-5 en route radar sites.
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The ATCBI-6 will work with Mode-3/A and 3/C The airport surface ADS system will also feature

transponders, enabling the ATC system to remammulti-lateration capability that uses aircraft tran-

compatible with all users as they transition tesponder replies, triggered by the terminal SSR or
ADS-B avionics. The Mode-S SSR will remain inlocal interrogators, to determine the identification

service at 25 sites. They will be configured to proand the position of non-ADS-B aircraft on the air-

vide TIS, a Mode-S data link service that providegort surface. Adding multi-lateration provides an

automatic traffic advisories to properly equippedlternate means of surveillance in absence of
aircraft. ASDE.

The S capability of the Mode-S and ATCBI-6 ra-1 5 1 1 Surveillance Architecture Evolution—

dars will enable the air route traffic control CeNsiep 1 (1998)

ters (ARTCCs) to use Global Positioning System _ _ _

(GPS) data for surveillance via GICB. ADS capaE" Route Domain. Various models of air route
bility will also be installed. The continued use ofurveillance radar (ARSR-1, -2, -3, and -4) and
SSRs will enable the ATC system to maintain fuﬁse\_/_eral m|I_|tary fixed position surveillance (FP_S)
service in domestic en route airspace whenev@Rilitary primary radar) types are used to provide
there is any difficulty with the ADS system. ConPrimary radar surveillance for the ARTCC. These
tinued use of SSRs also permits an extended trd@dars are positioned to support major airways
sition period for general aviation (GA) in low-al-a@nd provide surveillance coverage within a 200-
titude airspace. Primary en route radars will b€ 250-mile radius with 10- to 12-second update
phased out of interior areas, except for thod@tes. Except for the ARSR-4, many of these ra-

needed by the Department of Defense (DOD), &ars have been in servic_e fpr 30 years and are
other agencies. costly to operate and maintain. The ARSR-4 ra-

] ] ) dars in the continental United States and the FPS-
Oceanic Domain.ADS based on ADS-A will be 117 radars in Alaska are jointly used by the FAA

implemented in oceanic airspace. SATCOM igng the Air Force for ATC and air defense, re-
emerging as the primary communications link fogpectively.

ADS-A and other oceanic communications, with

HFDL likely to be used as an alternative source. TwWo types of SSRs are used: the ATCBI-4 and -5
, , . _ . and the Mode-S. Nearly all SSRs are co-located
Terminal Domain. A new digital, combined pri- \ith en route primary radars and operate at equiv-
mary/SSR  system (airport surveillance radafjont ranges and update rates. Twenty-two SSRs
(ASR)-11) will be deployed to complement the,nerate “as  stand-alone radars  supporting

ASR-9/Mode-S system. The Mode-S will be conarTccs, The ATCBI-4s and -5s are reaching the
figured to provide TIS. All ASR-11 integratedeny of their service lives and will be replaced.
beacons will be upgraded to include Sl and GICB

capability. Terminal radar approach controPceanic Domain.In current operations, pilot po-
(TRACON) facilities will begin to use ADS for sition reports are made to a commercial service
surveillance. All three means of surveillance (privia high frequency (HF) voice communications.
mary radar, secondary radar, and ADS) will be ré-hey are then forwarded to FAA oceanic ATC
tained in the terminal domain. centers where the reported positions are displayed
Tower/Airport Surface Domain. ASDE-3 will :2;?; tr%';:]z S?rr;r? S?]lqlﬁ:e%og?&%repg:;gig}_”

receive a service !'Te extension. A new .Surfacgquipped aircraft via satellite data link using con-
surv_glllange capgblllty with confll_c.t detec’qon Ca'troIIer—piIot data link communications (CPDLC)
pability Wlll_pe installed at addl_tlonal a'r.ports‘messages to some oceanic sectors.

ADS capability for surface surveillance will also

be installed. The accuracy of Wide Area AugmeriFerminal Domain. Three models of airport sur-
tation System (WAAS)- and Local Area Augmenveillance radar (ASR-7, -8, and -9) are positioned
tation System (LAAS)-derived ADS-B (with on airports to provide surveillance coverage (55-
LAAS taking precedence) is expected to enablaile radius with a 5-second update rate) for TRA-
the ADS system to support substantial airport suUGONs. The analog ASR-7 and -8 radars, which
face operations in reduced visibility conditionshave been in service since the 1970s, are incom-
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patible with the future digital terminal automationOceanic Domain.Oceanic sectors will continue
system, the Standard Terminal Automation Ree receive pilot position reports from FANS-1/A-
placement System (STARS). Two types of SSR=quipped aircraft via satellite data link using
are used in the terminal domains: the ATCBI -€PDLC messages, as well as from HF voice com-
and -5 and the Mode-S. They are all co-locatedunications.

with ASRs and operate at equivalent ranges a

update rates. l:]%rmmal Domain. The ASR-9 radars will re-

ceive a service life extension. The ASR-7 and -8
Tower/Airport Surface Domain. ASDE radars, radars will be replaced by new digital ASR-11 ra-
used to provide primary radar surveillance of aiidars delivered with a new monopulse SSR. Digi-
craft and vehicles on airport runways and taxtal radars are required for interoperability with
ways to air traffic control towers (ATCTs), are be STARS.

ing installed at the 34 busiest U.S. airports. Th?o take early advantage of the information avail-

Airport Movement Area Safety System : - :

o ) able in ADS-B avionics, the architecture plans for
(AMASS), being installed at the same airports Lo - o i
works in conjunction with the ASDE-3 to alerta” SSRs to be equipped with a selective interro

) . . : ation capability. The Mode-S sensors currently
tower controllers of impending runway mcursmn%

nd oth nd traffic problems. A parallel runPéired with ASR-7 and -8 radars will be *leap-
way monitor atiic problems. /A para‘el ru frogged” to ASR-9 sites, so that all ASR-9s will

W"’% ?0?':? K/IID'EM)a ralgiar :C?S‘Stb?_en. commiSy paired with Sl-capable Mode-S SSRs. Mode-S
sioned at the Minneapolis a - Louis a'rpor?%snsors will receive a service life extension. All

toagﬁ;'t%fx;riﬁ (?32 iﬁg{ggcg tolgslzsﬁlléﬁnge Rs will remain compatible with the older
P y P y "“'Mode-A/C transponders, thus allowing time for

feet). aircraft to transition to ADS-B avionics.
16.1.2 Surveillance Architecture Evolution—  TIS, a Mode-S data link service that provides au-
Step 2 (1999-2002) tomatic traffic advisories to properly equipped

En Route Domain. The weather and radar pro_aircraft, will be implemented during this period.

cessor (WARP) will enable weather data from thgllots will be able to request and receive a display

next-generation weather radar (NEXRAD) to bgf 'nearb)_/ traffic. The relaflve rgnge,"bea“rlng, a,f‘d
glntude (if known) and a “proximate” or “threat

displayed to en route controllers on the displa lassification of nearby aircraft will be displayed
system replacement (DSR). This capability will’" . . y p p yed.
his service will help pilots “see and avoid” other

allow en route primary radars to be shut down..
Data from the ARSR-1, -2, -3, - 4, and FPS priarcrat

mary radars will not be used by FAA after WARPTower/Airport Surface Domain. Installation of
reaches full operating capability (FOC) (i.e., proASDE-3 radars to detect aircraft and vehicles on
vides NEXRAD data to DSR) in early 2000.runways and taxiways will be completed at 34 air-
However, the long-range primary radars that suports. AMASS, which uses data from the terminal
port Department of Defense (DOD) operationgutomation and ASDE-3 systems to alert tower
(i.e., FPS-117 and ARSR-3 and -4 radars) may reontrollers to potential traffic conflicts, will be in-
main in use as required by DOD or other agestalled at the same airports during this period. In-
cies. An ARTCC may receive data from suitablgtallation of a new surface surveillance conflict
located terminal radar equipment, as needed, f@étection system will begin at additional airports.
supplemental coverage and gap filling. This capability will further reduce the probability

. f traffi flict irport surf. [
The en route SSRs (ATCBI-4 and -5) will be o0 traffic contlicts on airport surfaces and increase

: : ~“the efficiency of aircraft operations. Installation
placed with a new ATCBI-6 with S| capability. o ; ;
ARSR-1, -2, and -3 and FPS site equipment ano(; PRMs at four additional airports is planned.
components, including the radar towers and peédditional Information. The user aviation com-
estals, rotary joints, and shelters will require modnunity is currently investigating ADS-B for air-
ification or replacement to allow compatibilityair surveillance. Several technologies—including

with an SSR-only configuration. 1090 MHz (Mode-S) squitter, self-organizing
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time division multiple access (STDMA) (alsomessage transfer protocol that was developed by
known as VHF digital link-Mode 4 or VDL-4), the European Civil Aviation States to standardize

and Universal Access Transceiver (UAT)—arelata communications between surveillance and
being tested. During this period Safe Flight 2hutomation systems. This upgrade will allow the

ADS concept demonstrations will be conducted taircraft navigational system and waypoint data re-
determine if and how ADS-B and ADS would op<eived in GICB replies to be processed. Mode-S
erationally benefit users and the FAA and whicBensors will receive a service life extension.

technology is most suitable for this purpose. _ )
The ARTCC automation system will be upgraded

If enough users equip with ADS-B avionics, thgg yse GICB and ADS data for controller tools
FAA will develop and install a compatible ADSand displays (see Section 19, En Route). Installa-

ground system. In domestic airspace, ADS Wilion of the ATCBI-6 SSRs will be completed.
depend upon the aircraft to automatically and fre-

quently broadcast its position and velocity usin@ceanic Domain. Installation of communica-
ADS-B avionics. tions, and automation equipment to support ADS-
. : A will begin. Current longitudinal separation
Surveillance tracks derived from ADS-B data argt@ndards between suitably equipped aircraft

expected to be more accurate than radar-derived ||+ pe reduced in some areas by using ADS-A

tracks, thus improving the performance of CON3 4 other controller tools.

troller decision support systems (DSSs) such as

conflict probe, trial flight planning (a capability Terminal Domain. Mode-S SSRs will be up-
that evaluates pilot requests for revised flighfraded with ASTERIX. The ASR-11's SSR will
pathS for pOtentiaI conflict with other ﬂ|ghtS), an%e upgraded with Sl Capabmty and the ASTERIX
FAST. Such improvements will help expeditestandard interface protocol. This will enable the
traffic flow in the NAS. ASR-11 SSR to send the aircraft position, veloc-

Should users equip, ADS-B for air-air surveil !y, @nd next waypoint data received via the GICB
lance will be implemented in domestic and ocdN€SSage to the STARS automation. STARS will
anic airspace. ADS-B is anticipated to suppofl€ UPgraded to use GICB and ADS data for con-

air-air surveillance by means of a cockpit displajf°!lér displays (see Section 23, Terminal).
of traffic information (CDTI) that shows the poSI'Tower/Airport Surface Domain. Installation of

tion of all ADS-B-equipped aircraft nearby as Qhe new surface surveillance and conflict detec-

r_eference for _tactical _maneuyerin_g, self-separ%n system will continue. If enough users equip
tion, and station-keeping. This will greatly en-

h tuati | in th Koit. | dWith ADS-B avionics, installation of about 600

anct_e sfiuationa qlwtareness n tedctoc P! 'ArIZ‘)S assive ADS ground stations with multi-lateration
MESHC airspace, piiots are expected to use capability for airport surface surveillance will be-
air-air surveillance for situational awareness an

- L . n at approximately 150 airports. The multi-lat-
limited shared responsibility for separation. Thes_ ration capability enables the ADS system at an

g:ﬁ?ebrilgfds;:%:é%i;?% r:g Eﬂinviglall dbsgif(ietlg‘l irport to determine the position of aircraft
to all of aviation as well. ADS-B avionics will notléqUIppe<j with Mode-A/C/S transponders.
be required to operate in the NAS. In oceanic aixDS-B avionics, which use WAAS and LAAS in-

space, ADS-B may also be approved as a mea@gmation, will provide the ADS source to pre-

for plIOtS to conduct in-trail ClimbS, descents, an@ise|y monitor the surface movement of ADS-B-
passing maneuvers. equipped airport traffic. Due to its expected accu-
. , , racy, LAAS is preferred for surface surveillance.
16.1.3 Surveillance Architecture Evolution— Thg airport sueface ADS system will interface
Step 3 (2003-2006) with the STARS automation and displays to pro-
En Route Domain The Mode-S and ATCBI-6 vide precision surface surveillance and warn
SSRs will be upgraded with the All Purposdower controllers of impending runway incursions
Structured EUROCONTROL Radar Informationand other ground traffic problems. The STARS
Exchange (ASTERIX) surveillance and weatheautomation system will be capable of processing
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the ADS data. AMASS will receive a service lifesurface surveillance and conflict detection system

extension to ensure its viability.

16.1.4 Surveillance Architecture Evolution—
Step 4 (2007-2010)

En Route Domain. If enough users equip with

ADS-B avionics, the architecture plans for the in:
stallation of 20 passive ground stations in airspa$
not covered by radar. This capability will provide

also will be completed.

16.1.5 Surveillance Architecture Evolution—
Step 5 (2011-2015)

En Route Domain.En route surveillance will be
provided by SSRs and ADS. FAA-funded re-
lacement of primary en route radars is not con-
gmplated.

extended en route surveillance coverage fdierminal Domain. A next-generation terminal
ADS-B-equipped aircraft. An additional 96 pas‘adar (multipurpose airport radar (MPAR)), which
sive ADS ground stations will be installed in théncorporates primary radar, SSR, and terminal

en route airspace covered by radar.

Oceanic Domain. Implementation of ground-

based and airborne communications and autom S ; .
BW|II be decommissioned at the end of their service

tion equipment to support ADS-A and ADS-

air-air surveillance will continue. Oceanic air-
space users will benefit through greater flexibility.

increased user-preferred routes and climbs, a
greater capacity.

Terminal Domain. If enough users equipassive

Doppler weather radar capabilities, will begin to
replace the existing systems starting about 2015.

'Elqwer/Airport Surface Domain. ASDE systems

lives. Surface surveillance will rely on ADS sur-
veillance with multi-lateration or other more cost-
ﬁa‘ective technologies for preventing runway in-
cursions.

16.2 Summary of Capabilities

ADS ground stations will be installed to providel he evolution of surveillance capabilities is
ADS for up to 150 terminal areas. Target datéepicted in Figure 16-2

from the ADS ground stations will be processe
for display on TRACON controller workstations.
The ADS system will also be used for monitorin
instrument approaches to closely spaced paral
runways.

Tower/Airport Surface Domain. AMASS func-

gir Surveillance

él’he ADS-B concept is expected to provide an im-

Rertant air-air surveillance capability. Aircraft
equipped to receive ADS-B transmissions will be
able to display the position of all ADS-B-
equipped aircraft in their proximity on CDTI dis-

tionality will be incorporated into the tower auto-plays. This capability will improve aircrew situa-

mation system and installation of ADS groundional awareness, increase approach and departure

stations will be completed. Installation of the nevefficiencies, and improve oceanic maneuvering. It

Air-air surveillance

Enhanced weather displayed to en route controllers

Basis for traffic information service

Improved traffic detection and safety

New
ASRs and
ASDE

NEXRAD
on DSR

Surveillance in oceanic

ADS
Ground
Stations

GPS Data via
SSR (GICB)

ADS
Oceanic

airspace

Improved tracking and prediction

Extend/improve surveillance services

Improved traffic and weather detection

Figure 16-2. Surveillance Capabilities Summary
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will enable pilots to assume responsibility for sepaeering. However, the addition of the new surveil-

aration in certain circumstances. lance capabilities (such as those associated with
_ _ GICB messages and ADS-B, data and target fu-
Air Traffic Control System sion, and new mapping techniques) is expected to

Weather data from next-generation weather raddessy considerable human factors requirements on
(NEXRAD) will be available to en route control-the ATC automation displays, aircrews, and con-
lers via WARP, enabling long-range primary ratrollers. The associated human factors effort will
dars to be phased out. Primary radars will cofiecus on the impact of new surveillance technolo-
tinue in use in terminal airspace and for airpogies, equipment, and methods on pilots, control-
surface surveillance. SSRs will continue in use ilers, and maintainer interfaces, including:

both terminal and en route airspace. . ) ) )
* Identifying informational requirements and

ADS will be introduced to provide a surveillance  integrating information from new or multiple
capability in oceanic airspace. The capability is  sources (such as the integration of ADS sur-
based upon ADS-A, which uses position reports yeillance data with other radar data) in ways

transmitted from FANS-1/A- or ATN-equipped o facilitate development or modification of
aircraft via SATCOM, HFDL, or other subnet-  ggsential DSSs

works. o - _
Application of reduced minimum separation

The terminal primary radar system will become gt qards for the controller and aircrews

all-digital with significantly improved capabili-
ties, such as better detection of small aircraft at Prototyping changes to tasks and procedures
low altitudes and dedicated weather detection and that take advantage of new surveillance capa-
processing. Primary radar for surface surveil- bilities (such as Sl and increased surveillance
lance, coupled with conflict prediction capability,  accuracy derived from GPS data).

will be installed at a significant number of air-

ports to improve surface operations and safety. The surveillance capab_|||'F|es enV|s_|0ned for the
future (such as authorizing an aircrew to use

All SSRs will have an Sl with GICB capability toADS-B CDTI for self-separation) will require
elicit position and velocity (presumably GPS-dedevelopment of suitable cockpit displays and
rived) from the navigation system of suitablyprocedures. Controllers will require DSS tools to
equipped aircraft via the Mode-S transpondegssist them in monitoring and appropriately inter-
The resultant tracking accuracy will improve theeding to ensure safe operations.

performance of controller automation tools, such

as conflict probe and requested flight path (tridl6.4 Transition

planning), which support pilot routing and rerout-

ing preferences. Primary Radars

Implementation of ADS in the domestic airspac#formation from en route primary radar systems
(based on ADS-B) will enable surveillance serwill not be used for ATC after NEXRAD weather
vices to be extended to new areas and improveddata become available on ARTCC controller dis-
existing areas. ADS will support surface operaRl@ys. It is expected that those radars required by
tions, thereby improving airport utilization duringPOD (ARSR-4s, some interior radars, and the
reduced visibility conditions. In conjunction withFPS-117 radars in Alaska) will be supported by
AMASS, ADS will increase protection againstPOD until the end of service Ilfe,.although cur-
runway incursions. ADS will also improve airportr€nt agreements call for FAA maintenance. Ter-
utilization by providing the capability to monitor minal primary radars will be retained to provide
simultaneous approaches to closely spaced pa,@dependent surveillance. The principal transi-
lel runways in all weather conditions. tions are:

* Complete deployment of ASDE-3, ARSR-4,

. and ASR-9 equipment
The surveillance systems themselves are not ex-

pected to require significant human factors engt- Replace ASR-7 and -8 radars with ASR-11

16.3 Human Factors
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Decommission the primary en route radars
(ARSR -1, -2, -3, FPS) not required in accor-

Replace en route ATCBIs-4 and -5 with
ATCBI-6

dance with FAA/DOD joint agreements
Leapfrog Mode-S from ASR-7 and -8 sites to

 Deploy new airport surface movement detec- AgR_g sites

tion equipment with conflict prediction capa-
bility « Upgrade SSRs with GICB and ASTERIX ca-
. Perform a service life extension for ASR-9  Pabilities

and ASDE-3/AMASS radars » Perform a service life extension for Mode-S
» Decommission any remaining en route pri- radars.

mary radars (ARSR-4, FPS-117)

* Replace ASR-9 and -11 radars with a new te

minal radar that includes SSR and terminglps in domestic airspace will be based on ADS-
Doppler weather radar (TDWR) capability. B: in oceanic airspace, it will be based upon
ADS-A. The Safe Flight 21 program is intended
to support development and evaluation of ADS
The SSRs will be retained to provide cooperativground stations and the automation processing
surveillance compatible with Mode-A/C tran-and display of ADS-derived information. If
sponders and redundancy in case dependent sgfipugh users equip with ADS-B avionics, a suc-
veillance is interrupted. All SSRs will feature Slcessful Safe Flight 21 program is expected to re-
Capablllty in order to utilize GICB transponder resylt in deployment of ADS ground stations. F|g_
plies. The principal transitions are: ure 16-3 shows the transition schedule for the
ADS systems. The principal transitions are:

ﬁutomatic Dependent Surveillance

Secondary Radars

e Deploy remaining PRM systems

. - . - =
* Upgrade ASR-11 beacon with SI capability « Install oceanic ADS-A capability %
(2]}
(A4 08 |99 (00 |0 0 0 04 |0 06 |0 08 |09 0 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transitionsteps | 1] Step2 Step 3 Step 4 Step 5
Terminal ASR-7,-8
Primary ASR-9 SLEP ASR-9 ASR-9
En Route D
Primary ARSR-3 DOD Use Only
ARSR-4 DOD Use Only
Tower
Primary |ASPE2 ASDE-3 SLEP ASDE-3 ASDE-3
New Airport Surface Movement Detection Equipment
Secondary ATCBI-4, -5 ATCBI-6, ASR-11 Beacon
RADAR . SLEP
Mode-S Mode-S Mode-S
NAS: .
Dependent ADS-B Ground Receivers
Surveillance Oceanic:
ADS-A Ground Processors and Display

Figure 16-3. Major Surveillance Systems Transition
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1998 Constant Dollars
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 16-4. Estimated Surveillance Costs

» Complete ADS-B, Traffic Alert and Collision 16.6 Watch Items

Av0|dance.Sy_stem (T.CAS)’ and CDTI Stan'Decommissioning long-range primary radars de-
dards for air-air surveillance

pends on the availability of a WARP-provided

« Based on air-air surveillance, provide enNEXRAD weather data presentation on the new
hanced approach/departure and oceanic mARTCC displays now being installed. The WARP
neuvering services program is on schedule to be fully operational in

all ARTCCs during Step 2.
* Develop ADS ground stations and improved _ .
surveillance systems via the Safe Flight 2ADS, based on ADS-A and ADS-B, is the major

ADS-B program new ground surveillance capability envisioned for
_ _ oceanic and domestic airspace, respectively. The
* Deploy passive ADS ground stations: initial development and evaluation of ADS, as

To extend en route surveillance coverage tg'c | & ADS-B for air-air surveillance, depends
9€ '%n a number of significant technological develop-

new areas ments involving avionics and ground equipment,

—To en route, terminal, and airport surface loand operational demonstrations planned for the
cations throughout the NAS. Safe Flight 21 program, slated to occur during
Step 2. Results of the Safe Flight 21 demonstra-

Other Surveillance Support: tions will be subject to evaluation by both the

FAA (through the Investment Analysis process)
and users to determine subsequent investments
« Perform service life extension for ASDE-3and implementation in the NAS. It is evident that

 Complete AMASS implementation

and AMASS. FAA and user decisions must be linked, because
ADS is dependent on user investment in avionics.
16.5 Costs Avionics manufacturers are expected to create

and integrate GPS-WAAS/LAAS receivers and

FAA estimates for research, engineering, and dg@ps.g avionics for aircraft slated to participate
velopment (R,E&D), facilities and equipment, gafe Flight 21.

(F&E), and operations (OPS) life-cycle costs for

surveillance architecture from 1998 through 2013,0 use aircraft-derived position data for surveil-
are presented in constant FY98 dollars in Figutance and tracking, the SSRs must all be config-
16-4. ured with Sl and ASTERIX in Steps 2 and 3. ATC
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automation systems will need to be configured tdowever, the FAA will deploy ADS-B listening
receive and process the enhanced surveillangfround) stations as users equip with ADS-B avi-
data. onics. A long transition period to ADS-B is antic-

A major watch item is the rate at which users ifPated. This requires the FAA to continue provid-
stall ADS-B avionics during Steps 2, 3, and 4ng surveillance services using primary and sec-
The rate of equipage will be determined by facndary radar.

tors such as avionics cost, availability, and per-

ceived user benefits. The realization of expectédPS in oceanic airspace will be based on position
user benefits, such as improved vectoring and s@ports data linked by satellite, high frequency
quencing and flexible routes, will depend on theata link, or other subnetworks to FAA oceanic
rate of user equipage, procedural developmerfontrollers. Airlines are ordering the FANS avion-
and FAA capability to process GPS data providegds needed for navigation and data link reporting
by aircraft avionics. via SATCOM. The FAA program to acquire the
This architecture continues to provide surveileciprocal necessary ground equipment and auto-
lance, independent of user equipage with ADS-Bnation capabilities is under consideration.
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17 COMMUNICATIONS

The NAS communications architecture provides tiher described in Section 21, En Route; Section
plan for achieving reliable, timely, efficient, and22, Oceanic and Offshore; Section 23, Terminal;
cost-effective transfer of information among NASand Section 24, Tower and Airport Surface. The
users and between NAS users and the external éiata link system and services are described in
vironment. It addresses communications techndbection 17.1.4, Data Link Service.

ogy and standards, telecommunications system L )

integration and partitioning, network operationd /-1 Communications System Evolution

and management, and transition. The architectufée FAA has traditionally considered communi-

meets the concept of operations (CONOPS) reations networks in terms of air-ground voice

quirement for seamless communications acros®mmunications, ground-ground operational

domains and information sharing among all NASoice and data communications, and agency (ad-
users. It also provides for the subnetworks needstinistrative) voice and data communications. The
to support NAS resectorization in the future. communications architecture proposes to inte-

In order to facilitate the NAS architecture plan—grate these networks to improve interoperabiliy,

: S : unality of service, network security, and surviv-
ning process, the communications system is

vided into three elements: Interfacility Communi- bility while reducing the cost per unit of service.

cations, Intrafacility Communications, and Mo-Most ground-ground transmission systems will be
bile Communications. consolidated within a common network infra-
structure that will integrate administrative and op-
erational communications systems for inter-
Pacility transmission of voice, data, and video.

» Interfacility CommunicationsConsist of the
networks that transmit voice, data, and vide
information among FAA facilities and that
connect to external facilities. Interfacility The NAS will migrate to a digital telecommun-
communications connect with intrafacilityications infrastructure to take advantage of new
communications and mobile communicatechnology and the growing number of digital ser-
tions. vices. The telecommunications infrastructure will

also support current analog voice switches and

» Intrafacility CommunicationsConsist of the
Iéagacy protocols.

networks that transmit voice, data, and vide
to users within a facility. Intrafacility net- The domestic air-ground system will migrate to
works interface with interfacility networks to digital technology for both voice and data com-
connect users within a given facility to usergnunications. Oceanic communications will mi-
in other facilities or to mobile users. grate to International Civil Aviation Organization
¢ Mobile CommunicationgConsist of networks (_ICAO)-compllant aerona_utlcal te_IeC(_)mmunl_ca-

tion network (ATN) data link applications using

that transmit voice and data among mobile. . )
users. These networks interface with interfaﬁ—Igh frequency (HF) and satellite-based links.

cility networks to provide communications17.1.1 Interfacility Communications System
paths between mobile users and users withfyolution

a facility. Two types of mobile communica}-.l.he NAS interfacility system is expected to lower

tions cr;etworks "?“et.“SEd ”t1 thi I\iﬁst alcommunications costs while providing qualitative
ground communications NEworks that Supseyjce improvements and future growth capacity.
port air traffic control and ground-ground net

. .. A decisive change at this time is critical for two
wor_ks tha'_[ support maintenance and adminigg 35ons, First, new data communications require-
trative activities. ments will greatly increase recurring costs unless

Information exchange among NAS users involves significant communications redesign occurs

one or more of these elements. Air-groundow. Second, the upcoming expiration of the Fed-

communications, for example, use all three eleral Telecommunications System 2000 (FTS
ments of the communication system. Various af2000) and Leased Interfacility NAS Commu-
plications of the communications system are furications System (LINCS) transmission facilities
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and service contracts are likely to provide the tinpartitioned into four (or more) virtual private net-
ing window for significant improvements that theworks—two for voice and two for data and video
FAA must be prepared to take advantagé of(see Figure 17-1). Other VPNs may be added to
When completed, the NAS interfacility communi-meet special needs (e.g., security requirements
cations system will consist of several logical netmay require a separate VPN for Internet commu-
works supported by a predominantly leased physications).

ical infrastructure. This logical and physical net- _

work architecture is essential to NAS modernizd=0mmon Physical Network Infrastructure.

tion. The common physical network infrastructure is a
_ shared physical networking environment that in-
Logical Network cludes transmission, switching, multiplexing, and

Design. The interfacility communications systemrouting facilities. The common physical network
will provide a set of software-defined networksnfrastructure uses VPN technology to meet dif-
that are logically partitioned to provide connectivferent administrative and operational performance
ity between facilities. Each logical partition will requirements. It will also use a mix of transmis-
support independent virtual private networksion services and service providers to achieve the
(VPNSs) that share common telecommunicationdesired level of reliability and path diversity at the
resources. VPNs have most of the features ofl@vest cost.

private network while providing very reliable

. . The current physical communication networks
communications at a lower unit cost. pny

consist of transmission systems (e.g., LINCS, ra-
The interfacility communications system willdio communications link (RCL), and television
consolidate networks in order to transport operanicrowave link (TML)); switching systems (e.g.,
tional and administrative traffic over the saméational Airspace Data Interchange Network
physical links. However, traffic will be logically packet switch network (NADIN PSN)); and mul-

The Networking Space I

Integrated Voice Services

FTS 2001 Voice Services

™~

VPN Agency Voice Fax/Dial-Up

VPN Operational Voice

Common
Network
Infrastructure

ADTN 2000

Follow-On Data/Video

Services Integrated Data/Video Services

VPN Agency Data/Video VPN Operational Data/Video

Figure 17-1. Logical Network Architecture

1. Note that the integrated communications system procurement does not include the following: air traffic control voice switches
the Alaskan NAS Interfacility Communications System (ANICS) ground infrastructure, digital airport telecommunications,
administrative dial switches, or air-ground and mobile communications equipment and services.
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tiplexing systems (e.g., data multiplexing networlample, may receive dedicated bandwidth, while

(DMN)). In the future, digital switches or routersless critical voice services may receive a variable
at each ARTCC will replace existing multiplexerbit rate service that consumes less bandwidth and
equipment. These various networks will be intemaintains low connect times.

grated by using a single transmission technologx, _ _
such as asynchronous transfer mode. gency Data/Video VPN.VPN services pro-

vided by the integrated telecommunications infra-
Asynchronous transfer mode technology allowsycture will be used for data networking, fac-

the replacement of dedicated physical trunks wit§jje. dial-up, and video services needed for
virtual private trunks for operational traffic (cur-eaa pusiness operations. Services will be as-
rently the largest communications expenditure). Kigned priorities according to business operations
also provides a number of bandwidth-saving effiraquirements. The integrated telecommunications
ciencies, including channel release during MGufrastructure will also feature networking
ments of audible silence and compression of adehemes to manage transmission control protocol/
ministrative voice (currently the largest trafficinternet protocol (TCP/IP)-based information and
category). This technology can also providggminjstrative data and video information.
multicasting, dynamic bandwidth allocation,

quality of service guarantees, priority and preoperations Voice VPN.VPN services provided
emption for critical and essential services, andy the integrated telecommunications infrastruc-
survivability for operational-critical and essentiature will be used for voice communications for
services. NAS operations. This VPN will have the highest

Each user application, whether operational or afjfiofity Seérvice in order to meet NAS voice opera-
fional requirements. Operational voice services

ministrative, is assigned its own quality-of-ser="-""°" : L
vice and priority. The highest priority would ber€quiring extremely high availability may be con-

used for critical operational traffic. Low-priority 19ured V‘r':th a pe_(rjmar:jenc}_ wrtu(;all cireutt _cI_assTc;:‘
traffic would use the gaps between higher-priorityS'VIce that provides dedicated connectivity. The

traffic and any overflow capacity. Use of asyn__perat_ip_ns voice VPN .Wi” include _major air traf-
chronous transfer mode over satellite links paF'—C facilities, such as air route traffic control cen-
ticularly over the FAA Telecommunications Satiers (ARTCCS)Z 't'ermlnal radar apprqach control
ellite System (FAATSAT), could also provide bet_(TRACON) facilities, and airport traffic control

ter bandwidth utilization and better integratiofOWers (ATCTS).

with terrestrial networks. Operations Data/Video VPN. VPN data and
Frame-relay technology appears to be useful fyideo services available in the integrated
data applications at sites where the total data relecommunications infrastructure will provide
quirement for network access is in the 64 Kbps the data networking and video capability needed
1.544 Mbps range. This would require installingor NAS operations. The logical network design
frame-relay access devices at small FAA siteemployed within the VPN framework will satisfy
The frame-relay access devices can be connectyeerational requirements for critical data and
to either a frame relay or an asynchronous transfédeo services by using the appropriate class of
mode network. service connections.

|_
<
o

Agency Voice VPN/Fax/Dial-Up.\Voice services =
available through the Federal Telecommunica-
tions System (FTS 2000) contract will be replaceBxternal Interfaces. Gateways and routers will
by an integrated telecommunications infrastrugrovide external communications interfaces for
ture that provides different classes of networthe Department of Defense (DOD), aviation in-
connections and virtual circuits for all voice serdustry users, service providers, and international
vices needed to support FAA administrative funcagencies. Access gateways or routers will be used
tions. The classes of services implemented in tihhetween the appropriate FAA VPN and the airline
administrative voice VPN will depend on usepoperations center network (AOCNet). Aviation
needs. Those requiring high availability, for exindustry access will facilitate traffic flow manage-

hysical Network Design
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ment (TFM), collaborative decisionmakingmultipoint circuits and are used only a few min-
(CDM), and other similar initiatives. utes per hour.

Network Management and Operation.The in- . . .
o ) .Voice switches in the current system are not capa-
tegrated telecommunications infrastructure wil

. . . e of switching calls through to another switch
interface with the operations control centers an o . .
Tandem switching) and typically do not provide

exchange both real-time and non-real-time info : ) : .
. - : supervisory signaling. In cases where supervisory
mation. The telecommunications infrastructure.

. , : Signaling is provided, it is typically provided in-
will provide the following network managementband’ which forces switches to rely on dedicated

services: : ) o S
point-to-point or multipoint circuits for connec-
* Real-time information exchange tivity to other switches. This results in a highly in-
— User help desk for service restoration and efficient use of communications bandwidth, given
coordination the NAS voice traffic loading profile.
— Network performance statistics Today's interfacility data communications pro-
— Hardware and software configuration vide a variety of circuits and connection types be-

tween FAA sites. At the transmission level, RCL,
TML, and low-density radio communications link
» Electronic security (LDRCL) use analog and digital microwave cir-
cuits; FTS 2000 and LINCS use copper and opti-
o cal fiber circuits; and Alaska NAS Interfacility
— Network statistics Communications System (ANICS) and FAAT-
— Network planning SAT use satellite circuits. The FTS 2000 contract
expired in 1998 and will be replaced by the FTS
2001 contract.

— Remote equipment status

* Non-real-time information sharing

— Billing and accounting data

— Port utilization data.

The data switching environment largely consists
of separate, lightly loaded, low-bandwidth net-
works. The technologies used include a 1960's
. . . . o Pnessage switch network (i.e., NADIN message
25,000 interfacility point-to-point and multipoint switch network (MSN)), several 1970's asynchro-
circuits for air traffic services—of which roughly nous systems used for'weather data collection and

60 percent are used for voice and_ 40. percent { [stribution, a 1970’s X.25 packet switch network
data. FAA voice and data communications are oj-

ten combined (multiplexed) over backbone trans- & NADIN PSN), which is currently being up-

mission svstems. althouah thev are generally h '[aded to modern frame-relay capabilities, and a
y ' 9 y g y MN that uses analog transmission circuits. Each
dled separately on the access netwérkgost

voice and data circuits are leased on a mont fietwork is administered, operated, and main-
. C . ) ined separately and is generally unable to back
basis from communications service providers.

the approximately $300M spent by the FAA on p the other networks.

telecommunication_s in_ FY95, nearly 60 percent,a way the FAA is improving network effi-
was for recurring circuit costs. ciency is through the use of bandwidth manage-
Today’s interfacility operational voice communi-ment systems that are capable of switching be-
cations are based on voice switches with analdégeen independent transmission networks (e.g.,
voice output. Since the vast majority of interfacilRCL, LINCS, FAATSAT). Bandwidth manage-
ity voice trunks are digital (provided by LINCS),ment provides the ability to multiplex voice and
the analog voice signal must be digitized before data over higher-capacity trunks when it is cost-
is transmitted. Operational voice circuits are usteffective and simplifies transition to other service
ally configured as dedicated point-to-point angroviders.

17.1.1.1 Interfacility Communications System
Evolution—Step 1 (Current—1998)

It is estimated that the FAA employs more tha

2. Low-speed data circuits are routinely combined on the FAA's DMN to achieve cost savings on interfacility circuits.
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Except for high-end video conferencing, alSwitches based on analog technology such as the
agency data requirements are met by the Admiamall tower voice switch (STVS) will be pro-
istrative Data Transmission Network 2000vided, if cost-effective, with ear and mouth
(ADTN 2000). ADTN 2000 employs multiproto- (E&M) signaling and connected to a channel bank
col routers in conjunction with a frame-relay cor@r a network termination device in order to inter-
to carry monthly traffic in excess of 300 gigabyteface with the digital network. Future voice
with an average delay under 200 milliseconds arsvitches will not require legacy interfaces.

availability of 0.999. o _ ] _ _
Data communications to international air traffic

17.1.1.2 Interfacility Communications System  services (ATS) facilities will evolve from the ex-
Evolution—Step 2 (1999-2008) isting aeronautical fixed telecommunications net-

To meet FAA communications growth in the nexwork (AFTN) infrastructure to an ATN-based
century, the interfacility communications systentfrastructure. Most of the FAA's telecommunica-
consolidates most of the transmission systems afi@ns systems (RCL, LINCS, FTS 2001, NADIN
voice and data networks within a single integrated SN, NADIN PSN, and the bandwidth manager)
communications infrastructure that offers intewill be incorporated in the integrated
grated voice, data, and video services across tféecommunications infrastructute.

NAS. The new telecommunications infrastructur NICS. FAATSAT, and the DMN will be inte-

\lljvrlllilt [C)(r)?s\{|de improved performance at a lowe grat(_ed next. The LDRCL, however, will remai_n i_n
service as a separate FAA-owned transmission
The NAS ground-ground operations voice netsystem. Figure 17-2 provides an overview of the
work will transition from a point-to-point network NAS interfacility environment as it will appear in
using dedicated trunks to a switched network th#tis step. Edge devices (e.g., the edge/access de
provides bandwidth on demand. The FAA willvice shown in Figure 17-2) will physically inter-
migrate from analog switch interfaces that use irtonnect the integrated backbone network with
band signaling to digital interfaces and out-ofltegacy local area networks (LANs) and switches.
band signaling. Air traffic control (ATC) switchesThese edge devices will initially route internet-
that currently use digital technology will have anwork packets, but may evolve to provide both
alog interfaces replaced with digital interfacesiouting and switching functions. NADIN MSN

Geosynchronous
Satellite

|_
<
o

Remote FAA
Facility

Cfs

Edge/Access
Device

Telecommunication
Infrastructure Backbone
(Including Alaska & Hawaii)

with Virtual Network
ERAD | small FAA
Facility

Connections

FRAD = Frame Relay Access Device

Figure 17-2. Interfacility Architecture in 2008

3. Mission Need Statement (MNBAA Telecommunications Infrastructunes approved in May 1998.
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will be rehosted and will connect directly to arfollowed by implementing the integrated tele-
edge device. communications infrastructure, which includes
. _ LINCS replacement. LINCS circuit cutover and
gl'oll'ulti'gr:n_tgfgg'g“(/zggrg_rgg?g)a“Ons System network con_v_ersion _schedules will be bas_ed ona
2-year transition period. These cutovers will be as
The interfacility communications system looksexpeditious as possible to reduce the time needed
the same as the previous step, but undergoes teghsupport two networks. For safety, the old net-
nology refreshment, speed increases on accegsrk service will be maintained after cutover un-
trunks, and a new generation of NAS voice the new service has proven itself in a live envi-
switches with modern network interfaces is introronment. The communications transition schedule
duced. In addition to these qualitative improveshown in Figure 17-3 assumes a multiyear con-
ments, cell-based multimedia networks are exersion period that minimizes the impact on FAA

pected to become available at competitive pricegaff and ensures a sufficient period of dual opera-
from several vendors. In hard-to-service locationgon.

where access costs do not support diversity today,

the FAA may employ switched access to low7.1.2 Intrafacility Communications System
earth-orbiting (LEO) and medium earth-orbitingeyolution

(MEO) satellite-based networks. Many LDRCLs

will be phased out by competitively priced serintrafacility data communications evolution will
vices available from communications carriersfollow an approach similar to that used in the cur-
Where such service is not available, LDRCL wilrent administrative system (i.e., widespread use of
remain. commercial off-the-shelf (COTS) client-servers
and LAN/IP-based networks connecting op-
erational sites). This evolution is already in
progress in a large number of major programs,
Transition of interfacility communications begins(e.g., the display system replacement (DSR),
with replacement of the General Services Admirstandard Terminal Automation Replacement Sys-
istration (GSA) FTS 2001 contract. This will betem (STARS), weather and radar processor

17.1.1.4 Interfacility Communications Sched-
ule

CY B 981 99(00| 0 0 0 04 |0 060 08| 09|10 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transition Steps | Step1 | Step 2 [ Step 3

ANICS
Integrated

FAATSAT Telecommunications
Infrastructure

LINCS

T .
ransmission LDRCL*

RCL

FTS 2000/01

ADTN 2000 Integrated
Telecommunications

DMN Infrastructure

NADIN PSN + Data Switghing .

Multiplexing and + Edge Devices with
uDaltpa valvitgchin LINCS Asynchronous Transfer
g Mode and Frame Relay
Bandwidth Manager * Routers with TCP/IP
NADIN MSN *LDRCL may be provided as GFE

Figure 17-3. Interfacility Communications Transition
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(WARP), center TRACON automation systeniThe administrative data environment is supported
(CTAS), enhanced traffic management systefny the Office Automation Technology Services
(ETMS), Operational and Supportability Imple-(OATS) contract, which provides modern per-
mentation System (OASIS), and host interfaceonal computers and Ethernet LANSs for all of its
device (HID)/NAS LAN). Like the interfacility office facilities.

network that connects operational sites, a number, . I

of special features are needed at ATC sites to eh’-1-2:2 Intrafacility Communications System
sure high availability (e.g., physical, electrical, volution—Step 2 (2000-2004)

and power diversities). The basic system conkxisting data communications (such as weather)
ponents (i.e., LANSs, routers, switches, and secudll be transitioned to IP-based communications
rity access servers) are common to both the iprotocols. Surveillance data will be converted
terfacility and intrafacility environments and willinto a common format, the All Purpose Structural
also provide support for low-speed videdEUROCONTROL Radar Information Exchange
transmission. (ASTERIX), for transmission of data from radars
to ARTCCs and TRACONSs. IP multicasting ca-
pabilities will route data collected for one applica-
tion (e.g., surveillance, WARP, and integrated ter-
minal weather system (ITWS)) to other applica-
17.1.2.1 Intrafacility Communications System tions (e_g., those for air traffic management).
Evolution—Step 1 (Current—1999)

Today's intrafacility system carries all voice an

Intrafacility ATC voice communications will con-
tinue to be provided by FAA-owned switches fo
the foreseeable future.

dSome agency LANs and facility cabling may be

data communications exchanges within facilitie??orriora:ed 'T th_e mtegrtatedLZonm_unlcatllgns
and provides services tailored to the large rastructure, leaving existing s (ie., '

ARTCCs and TRACONS as well as the smalle TARS) in place: Figure_ 1r-4 p_rovides an over-
towers. view of the NAS intrafacility environment in this

step.
There are approximately 480 air traffic services -p _ o _ _
voice switches consisting of eight different modVoice switches in this step will continue to pro-
els from three vendors. These voice switchadde their current intrafacility functions.
come in various size_s and configuratio_ns anql ir1'7.1.2.3 Intrafacility Communications System
clude the STVS, rapid deployment voice SW'tC'Evqution—Step 3 (2005-2015)
(RDVS), integrated communications switching
system (ICSS), traffic management voice switch;dge switches will be deployed, intrafacility
voice switching and control system (VSCS)communications speeds will increase, and proto-
emergency voice communications systerﬁ0| standardization will be established in the LAN
(EVCS), and the soon-to-be-deployed enhancétpmain. Deployment of fewer, more versatile
terminal voice switch (ETVS). The intrafacility Protocol stacks will reduce maintenance support
intercom services they provide are fundamentalgnd troubleshooting and improve interfacility and
the same in each. application-to-application communications. The
, _ . L telephony environment is expected to be inte-
Virtually all intrafacility data communications oc- rated via a cell-based protocol running over the

cur at speeds of 64 Kbps or slower. Althougli zN;: this opens the possibility of higher levels of
planned, there are no general-purpose LANSs Let

. . . Hegration (i.e., data, video, and voice). Cur-
the air traffic data environment today. The resu ntly, gigabit LANs are being developed by in-

is that each local system must be directly conygq4ry ‘and standards are being redefined.
nected to another system it shares information

with. The addition of new automation softwarelhe FAA will acquire a new generation of ATC
and hardware combined with the large number ebice switches to replace its aging and hard-to-
protocols and interfaces required thus results inmaaintain inventory. The next generation of digital
complex and hard-to-maintain system. The physswitches will likely come in several sizes and will
cal accumulation of wiring in many sites alsaneet the requirements of the future ATC voice
poses severe restraints on access and upgradesietwork. Voice switches will provide the in-
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Interfacility Access Edge/Access Device

Voice and Video

Video
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Figure 17-4. Intrafacility Architecture in 2004

trafacility functions required to support the newlevelopment projects provide their own computer
CONOPS. hardware and much of the required communica-
etéons equipment. This has led to an array of com-

Because of the high cost of customized switch A ) ) .
a number of smaller FAA facilities, both opera—.mun'c"’mon equipment types, compounding facil-

tional and administrative, might be economicalhY infrastructure and maintenance problems. The

served by off-site switching. Switches will be re €W approach stipulates use of COTS equipment
placed as follows: (clients, servers, LAN switches, network interface

cards (NICs), routers, fax machines, etc.), and, in

+ ICSS, RDVS, and STVS will be replaced byparticular, protocol converters. The integrated
the voice switch replacement system. telecommunications infrastructure will offer LAN

« ETVS will be gradually replaced by the Vc,iceequ_ipment along Wit_h site installat_ion_ and Wiring
switch replacement system. assistance. EVCS will be decommissioned and in-

) corporated into the follow-on integrated commu-
* VSCS will be replaced after 10 years of serpjcations infrastructure.

vice.

Figure 17-5 provides an overview of the NAS ind7-1.3 Mobile Communications System

trafacility environment in this step. The mobile communications system consists of
. o air-ground and ground-ground components. The
17.1.2.4 Intrafacility Communications air-ground component provides communications
Schedule . :

. ] ] - _ paths between controllers and pilots in both do-
The transition to this new intrafacility environ-mestic and oceanic airspace. The ground-ground
ment is already in progress as evidenced by t@mponent (see Section 17.1.3.2) consists mainly

deployment of the American National Standardgt portable radios used by maintenance personnel.
Institute/Institute of Electrical and Electronics

Engineers (ANS|/|EEE) 802.n—comp|iant H|D17.1.3.1 Air-Ground Mobile Communications
NAS/LAN and the prototyping of various new IP/Current NAS air-ground communications are pro-
LAN-based applications. Figure 17-6 shows theided by an analog system using HF, very high
intrafacility communications transition schedulefrequency (VHF), ultra high frequency (UHF),
Under the current acquisition system, applicatioand satellite communications (SATCOM) radios.
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Figure 17-5. Intrafacility Architecture in 2010

Only limited data transmission capability exists iriure Air Navigation System (FANS)-1/A). As the
domestic airspace (predeparture clearance aNAS is modernized, however, this balance will
digital air traffic information service) and in oce-shift toward ATN-compliant data communica-
anic airspace (waypoint position reports via Fuions and attention must be focused on the radios,
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Figure 17-6. Intrafacility Communications Transition
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processors, and applications needed to suppedmmunications—may eventually play a larger
data transmission. A discussion of data link sysele in other communications services.

tems and services is found in Section 17.1.4. The

various applications are covered in Section 21, ER/.1.3.1.1 Air-Ground Mobile Communica-
Route; Section 22, Oceanic and Offshore; Sectidi®ns System Evolution—Step 1 (Current—

23, Terminal; and Section 24, Tower and Airpor998)

Surface. At the center of air traffic communications is the

In domestic airspace, voice communications foy HF/UHF air-ground mobile voice communica-
ATC operations are provided by VHF radios opertions system. This aging analog system has ap-
ating in the aeronautical mobile communicationBroximately 50,000 ground-based radios at nearly
band (118-137 MHz) and UHF radios operating,000 sites. The radios operate in a simple push-
from 225 to 400 MHz. (UHF is used to communito-talk mode, with the same frequency being used
cate with military aircraft.) A 4-percent annualfor both controller-to-pilot and pilot-to-controller
growth in VHF channel requirements over th&ansmissions. There is growing concern over the
past 20 years has used up most of the availafflgesent VHF communications system because of
channels. As a result, current requests for resdfcreasing channel assignment requirements, low
torization and new services are being denied Fhannel utilization, voice congestion on high-ac-
many cases, and certain services, such as weattiéfy channels, moderate service availability,

advisories, are being limited in high-traffic denhigh failure rates (with older radios), susceptibil-
sity areas, such as Chicago. ity to channel blockage (“stuck mike” and “step-

_ _ . on”), increasing radio frequency interference, and
For technical and economic reasons, a joint FAR -1 of security.

and aviation industry decision was made to im-

plement very high frequency digital link (VDL) In addition to VHF air-ground communications,

Mode-3 domestically to solve these problems. Asther currently deployed systems include: Sky-
a result, the next-generation air-ground communiinks, which uses HF and satellite communica-
cations system (NEXCOM) will be an integratedions for oceanic voice and data; recovery com-
voice and data system that uses the currently asunications used by site service technicians;
signed 25 KHz VHF spectrum. This differs fromtower data link services (TDLS); and the meteo-
the interim solution planned for European airrological data collection and reporting system
space, which subdivides the current 25 KHz spa(MDCRS).

ing into 8.33 KHz channels.
17.1.3.1.2 Air-Ground Mobile Communica-

In oceanic airspace, air traffic voice services arg) o System Evolution—Step 2 (1999-2005)
provided over HF radio using a communications

service provider. The only currently availableA new service provider network, VDL-2, will be
means by which to conduct oceanic data commused initially by one ARTCC to provide limited
nications is SATCOM, but high frequency datafTC data link service for en route airspace.

link (HFDL) service is _expected to provide a rell-.l.he existing domestic air-ground system (com-
able, low-cost alternative.

posed of VHF radios, backup emergency com-
Voice communications via HF radio are signifiinunications (BUECSs), and radio control equip-
cantly influenced by atmospheric and solar disturnent (RCE)) will continue to provide voice com-
bances. SATCOM voice communications are a reaunications during transition to the NEXCOM
liable alternative but have high installation andgystem. NEXCOM radios will be installed first in
transmission costs. Consequently, oceanic corall high-altitude and super-high-altitude en route
munications will evolve from relatively slow HF sectors. Initially, all multimode NEXCOM radios
voice message contacts to short duration SAWill operate in analog mode (i.e., emulate the cur-
COM data messages complemented by HFDient radios). En route sectors above Flight Level
and HF voice. Voice will always be required for240, however, will begin transition to digital
nonroutine oceanic communications. Satellitgoice mode operation near the end of this time pe-
voice—currently being explored for emergencyiod.
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Oceanic communications will migrate from pri-radio service will continue until the DOD equips
mary dependence on service provider HF voice tuilitary aircraft with NEXCOM radios. As users
data link service via satellite and HFDL. HF voiceequip with the avionics needed for data communi-
and SATCOM voice will remain available forcations, data services will migrate from VDL
backup. Mode-2 to NEXCOM, and new data link services
Il be provided directly by the FAA. NEXCOM
dios operating in analog voice mode will con-
Inue to replace legacy radios in order to sustain
the overall air-ground system.

Figure 17-7 depicts the mobile communicationf”
system (including air-ground communications) a
it will appear in this time period.

17.1.3.1.3 Air-Ground Mobile Communica- . . K
tions System Evolution—Step 3 (2006-2010) Service provider networks are expected to accom-

. modate new data communications applications in
The ground network infrastructure needed to SUBomestic and oceanic airspace. For oceanic com-

port data link services over NEXCOM, as aPP'Oxynications, satellites will be used increasingly

priate, will be deployed for operation in thefor new applications as the cost of satellite ser-
ARTCCs. vices declines. A transition to domestic air-
Most oceanic traffic will complete the transitionground satellite service is dependent on perfor-
to HFDL and satellite ATN-compliant data linkmance, equipage, and competitive pricing for ser-
communications in this time period. A dual protovice.

col stack is planned to maintain compatibility

with FANS-1/A-equipped aircraft in the ATN en-Figure 17-8 depicts an overview of the mobile
vironment. communications system as it will appear in this

time period.
17.1.3.1.4 Air-Ground Mobile Communica-

Selected high-density terminal airspace and tH& o>

associated low en route sectors will transition tdgency ground-ground mobile communications

digital NEXCOM service in this period. Civilian are modest but widespread. The FAA uses a large
aircraft flying instrument flight rules (IFR) in number of pagers, portable telephones, and mo-
these areas will require NEXCOM radios. UHRlem-equipped laptop computers. The latter are

|_
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Figure 17-7. Mobile Communications Architecture in 2005
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Figure 17-8. Mobile Communications Architecture in 2015

used to access data bases on departmental seriBat link includes the computer-human interface
and to send and retrieve e-mail. (CHI) for pilots and controllers, applications soft-

_ _ ware in cockpit avionics and ground automation
The present method of procuring mobile commusystems, the data link applications processor, and
nications for maintenance and administrative U§e communications infrastructure (air-ground,

(e.g., pagers and mobile radios) is through thgrhorne, and ground communication systems).
FTS 2000 contract. This same method will behe previous section, 17.1.3, describes the air-

used in the follow-on contract, FTS 2001. ground transmission system that will be used for
_ o data link. This section, along with the automation
17.1.3.3 Mobile Communications Schedule sections, describes the applications software. See

The major events occurring during the mobileection 19, NAS Information Architecture and
communications  transition are shown in>€rvices for Collaboration and Information Shar-

Figure 17-9. ing; Section 20, Traffic Flow Management; Sec-
tion 21, En Route; Section 22, Oceanic and Off-
17.1.4 Data Link Service shore; Section 23, Terminal; Section 24, Tower

and Airport Surface; Section 25, Flight Services;
The purpose of data link applications is to faciliand Section 26, Aviation Weather.
tate exchange of ATC weather, flight service, and _ o _
aeronautical information between aircraft and number of data link applications will use ATN
ground systems. Data link is expected to redud@ Provide global, seamless, secure, and error-free
congestion on voice channels; reduce misufommunications between air- and ground-based
derstanding of instructions and information; reSystems. ATN will use multiple subnetworks (i.e.,
duce the need for transcribing messages by MPL, HFDL, and SATCOM) to provide this ser-
crews; reduce the workload of FAA ground perVICe.
sonnel, such as air traffic controllers and fligh : . I
service specialists; and facilitate CDM. The aviai7'l'4'l Data Link Service Description
tion user community—through forums such aPata link services will be implemented in stages
RTCA Task Force 3 and the Free Flight Seledb facilitate phased delivery of user benefits. The
Committee—has stated a firm need for data linktages also allow familiarization with the new
in order to achieve operational benefits. technology and orderly integration with the NAS

17-12 — @®MMUNICATIONS JANUARY 1999



ARCHITECTURE — VERSION 4.0
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i dio ¢
s NEXCOUTE A (voice)
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ATCIAOC Oceanic HF Data Link
(ARINC 622)
SAT and VHF Data Link HF and SATCOM
(with ARINC 622/FANS-1) ATN Data Link
(not costed)

Figure 17-9. Mobile Communications Transition

telecommunications and automation infrastrue- Flight Information Services:
tures. Initial services will provide a foundation for

X : — Flight Information Service (FIS
more advanced services and will evolve from 9 (FIS)

computer-to-human information transfer to in- — Meteorological Data Collection and Report- =

clude computer-to-computer information transfer. ing System (MDCRS) E
. . . <

Data link will provide three major evolutionary ~ — Terminal Weather Information for Pilots o

capabilities: (TWIP)

« Services that support communications be- - Traffic Information Service (TIS)

tween pilots and controllers « Decision Support System (DSS) Services.

e Ground-based services that provide releva|1t7 1.4.1.1 Controller-

information to pilots Pilot Communications

and Air Traffic Service

*  Decision support services that support coordepp|c is a means to provide ATS data services,
nation among flight decks, airline operationgyhich are currently voice-oriented, and to transi-
centers (AOCs), and air traffic managemenion some of these services to data link. The earli-
services for efficient flight management. gt stage of data link is currently in operation and

The data link section discusses services in the f@Upports communications such as predeparture

lowing order: clearances (PDCs) and digital automated terminal

. L ._information services (D-ATIS). A data delivery of

»  Controller-Pilot  Communications and Al 5,; clearance service is being tested as a proto-
Traffic Services: type capability at the Detroit Tower. In oceanic
— Tower Data Link Services (TDLS) airspace, FANS-1/A-equipped aircraft use data

link service via SATCOM to exchange all types of

ATC messages, including automatic dependent

— Controller-Pilot Data Link Communica-  surveillance addressed (ADS-A).

tions (CPDLC) Tower Data Link Service.The TDLS system au-
— Oceanic Two-Way Data Link Communica- tomates tower-generated information for trans-
tions (TWDL) Services mission to aircraft via data link. TDLS interfaces

— Data Delivery of Taxi Clearance (DDTC)
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with sources of local weather data and flight dataformation needed by pilots to operate more
and provides PDC and D-ATIS. PDC helps towesafely and efficiently in both domestic and inter-
clearance delivery specialists compose and deational airspace. FIS includes information neces-
liver departure clearances. The clearances asary for continued safe flight and for flight plan-
then transmitted in text form via the Aircraftning, whether in the air or on the ground.
Communication and Reporting System (ACARS _ - oo
to an ACARS—equippedp aircr?':\ft ):‘or re\fiew and)rhe rationale for providing FIS to the cockpit via
acknowledgment by the flight crew. The D-aATisdata link is to improve safety, increase NAS util-
application also enables controllers to formulatly: €fficiency, and capacity and reduce costs to
D-ATIS text messages for delivery. The ATIS texin€ user and the FAA. FIS is intended to com-
messages are then delivered to flight crews vi§ement, not replace, existing voice communica-
ACARS data link. An ATIS automatic voice—gen—t'gn_s' Inmal_FIS proqlucts for delivery to the cock-
eration function produces spoken broadcasts Jdt Include information on NAS status (e.g., no-

ing a synthesized voice to read the ATIS messaghCes 0 airmen (NOTAMs) and special use air-
space (SUA)) and meteorological information in

Data Delivery of Taxi Clearance.DDTC is be- text and graphic formats.

ing implemented as a prototype capability at the ) ) )
Detroit Tower for operational assessment by thelS depends on both public and private enterprise

FAA. DDTC, like PDC, reduces both the delay if® Provide affordable FIS products. To ensure ser-
communicating the clearance information as wel{iceS are developed and provided to the cockpit,

as any inaccuracies inherent in voice communic&1€ FAA will use private sector FIS wherever pos-
tions. The DDTC service will also use ACARSSIble to bring services and products to the market-

and, based on results, may be expanded to otfféce quickly and efficiently. The FAA will make
TDLS locations. NAS status and existing weather data available to

private data link service providers for the devel-
Controller-Pilot Data Link Communication.  opment of FIS products. Commercial providers
CPDLC will be implemented first in the en routemay make basic FIS products available, at no cost
environment in a four-step process to introduc® the government or the user, and may make
early benefits to NAS users while minimizing“value-added” products available for a fee. Such
technical and procedural risks during developgaroducts are likely to include graphical/textual
ment of the ATN-compliant system. Each of thes@eather dissemination, first as a broadcast ser-
steps is associated with specific automation sofice, then as request-reply. Enhanced FIS, the fi-
ware development and implementation activitiegal system, is likely to offer a mix of both govern-
(e.g., host computer software releases, DSR imment- and private sector-provided services.
plementation and upgrades, and data link applica- , _ _
tions processor (DLAP) implementation). Meteorological Data Collection a_nd Reporting

System. A number of today’s aircraft measure
Oceanic Two-Way Data Link Service FANS-1/  wind, temperature, humidity, and turbulence in-
A avionics enables Boeing and Airbus aircraft tgormation in-flight and automatically relay the in-
conduct TWDL. FANS-1/A-equipped aircraft will formation to a commercial service provider. The
have automatic dependent surveillance (ADS) cgervice provider collects and reformats the infor-
pability in FAA-controlled Pacific Ocean air- mation into MDCRS format and forwards it to the
space. Oceanic data link services will evolve tmational Weather Service (NWS). The NWS uses
ICAO-ATN-compliant communication servicesthis information and weather data from other
and applications over an extended transition pgources to generate gridded weather forecasts.
riod of accommodation for both FANS-1/A- andThe forecasts are distributed to airlines and the

ATN-equipped users. FAA to help plan flight operations. The NWS
. . . gridded weather forecasts generated based on
17.1.4.1.2 Flight Information Services MDCRS will also be provided to WARP for use

Flight Information Service. FIS will be pro- by meteorologists and to be forwarded to other
vided to the cockpit by data link in the future. FISautomation systems and tools, such as the User
information is defined as noncontrol advisory\Request Evaluation Tool (URET). ITWS will
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combine MDCRS with other terminal areamented with request-reply functionality, which is
weather information to create a high temporainitiated by the flight deck. In this case, a ground-
high horizontal resolution (5 minute/2 km) termi-based processor receives a downlinked request
nal area wind forecast. from the flight deck, compiles the requested in-
formation, and uplinks it to the aircraft for dis-

Terminal Weather Information for Pilots. ) . -
TWIP uses information from the terminal Dop_play. Next, data link will facilitate an automated

pler weather radar (TDWR) to provide near reafjownllnk of weather and aircraft state-and-intent

time aviation-tailored airport windshear and mi_lnformatlon to improve the prediction capabilities

cro-burst information to pilots in the form of textOf decision support and weather systems. Finally,

and character graphic messages over ACAR ata link will facil_itate a more extensive use (_Jf
The future transition of TWIP to ITWS will im- Ser—pre_ferred trajectories through the negotiation
prove the accuracy of weather information to thgf conflict-free tra!ectorles_ between the flight
cockpit. TWIP functionality will be incorporated eck and ATC service providers.

into the airport surveillance radar-weather syste ; : ;

processor (ASR-WSP) system, thereby extendir?g]ata Link Architecture Evolution

windshear coverage. By expanding the choices &tep 1 (1999-2002)CPDLC Build 1 will intro-
delivery mechanisms, it may be possible to exduce an initial ATN-compliant CPDLC data link
tend this capability to a broader community of ussapability at one key sitethe Miami ARTCC—

ers. for four selected messages over the VDL Mode-2
network. Four selected message types are poten-
tial candidates for this: transfer of communica-
jons (TOC), initial contact (IC), altimeter setting
essage (ASM), and predefined messages
DM). The TOC will be the first message type to
e tested. This leverages planned avionics up-

Traffic Information Service. The TIS applica-

tion is being fielded currently at 119 sites natio
wide. Using the Mode-S data link, a TIS groun
processor uplinks surveillance information gener,
ated by a Mode-S sensor to properly equipped a
craft. The aircraft TIS processor receives the da

. : “drades by the airlines to equip with VDL Mode-2
gnd _d|sp|ays the_ dat_a on the TIS display, provi or AOC communications and to participate in
ing increased situational awareness and an g

h q- d - bilitv for oil ATN data link trials in Europe. This approach
anced “see-and-avoid” capability for pilots. should ensure a reasonable population of suitably

17.1.4.1.3 Decision Support System Services equipped aircraft for initial operation and evalua-
tion. This key site evaluation will determine oper-

The most advanced set of capabilities will Comgiqnay tility and whether users benefits are suffi-
from the interaction of air and ground DSSs

) ; >>>cient to warrant further development. It will miti-
These expanded data link services are required9ia risks by deploying an operational tool to
integrate flight deck systems, such as flight marg, 5)ate system performance, training proce-
agement systems (FMSs) with advanced ATM Cgjres and human factors requirements and solu-
pabilities. The automated downlink of in-4q.c
formation, such as aircraft position, velocity, in-
tent, and performance data from flight managex multisector oceanic data link (ODL) that uses
ment systems to ground-based DSSs, widatellite communications is being installed to pro-
improve trajectory prediction and increase the agide a reliable data communications link between

|_
<
o

curacy of these systems. pilots and controllers for FANS-1/A-equipped air-
17.1.4.2 Data Link Service Evolution (2000— craft. This data communications consists of inter-
20'08' énd Beyond) nationally standardized CPDLC messages for

- ) ] ) ] _routine air traffic control and free text messages
Initial data link services only involve mformatlon(see Section 22, Oceanic and Offshore).
to aircraft and require no reply from the flight

deck. The next stage of evolution adds controlletitial flight information services, such as weather
pilot dialogue capability to communicate strategito the cockpit, are currently available via a service
and tactical air traffic services messages that gpeovider. TIS, via Mode-S data link, are being
currently conveyed by voice. This will be aug{ielded at selected sites nationwide.
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Step 2 (2002-2004)CPDLC Build 1A expands sage prioritization that meets operational require-
the message set from 4 to 18 operational masents associated with the full ATN-compliant

sages, including pilot-initiated downlink mes-message set. NEXCOM will also satisfy commu-
sages. This build will continue to use VDLnications performance requirements needed for
Mode-2 technology. Minor changes to the edecision support services.

route automation system (i.e., Host/oceanic corg

AS-wide data link services will be available
puter system replacement (HOCSR)) and DLA rom a combination of service providers and the

are r‘?q“'fedv bUt. no upgrades are needed for KA. It will include the full CPDLC message set
avionics. Expansion will take place center by ceny g expanded FIS and TIS

ter to ensure an orderly transition to nationwide
implementation. Throughout this process, the re7.2 Summary of Capabilities

sults of the U.S and EUROCONTROL project e aic . ,
will be used to refine the cockpit and controlleﬁ-Odays air-ground radio system was designed for

human factors and refine the message set fz‘%)galog voice but has been adapted to provide lim-
CPDLC Build 2: this will provide a set of mes-'cd data exchange capability. Currently, prede-

sages with the most value to pilots and controp2/ture clearances and D-ATIS are being provided
|er2 P at 57 airports using ACARS, a VHF service pro-

vider system operating at 2400 bps. The meteoro-
During this time frame, ADS-A will provide sur- logical data collection and reporting system ser-

veillance of intercontinental flights in oceanic airvices also use ACARS, which transmits in-flight
space through satellite data link. ADS-A will al-weather observations to the NWS. Taxi clearances

low automated position reports and intent inforover ACARS were demonstrated in 1997, and a

mation to be periodically sent from the aircraffationwide implementation of this system is
FMS to ground controllers via data link. This repplanned.

resents a significant improvement over manu@g|ected non-time-critical CPDLC messages for
voice reporting. The ground controller establishessnsfer of control using ATN-compliant proto-
the frequency of reports with the FMS and sel)|s over VDL-2 will be implemented first at a
the event threshold for conformance monitorinq(ey site. Coverage will be expanded nationwide
The FMS automatically transmits any deviationasing a larger message set. NEXCOM will be in-
from assigned altitude or course. Additional introduced in three steps beginning with dlgltal

formation is included in Section 22, Oceanic angoice for en route communications, followed by
Offshore. en route data link communications and then ex-
Step 3 (2004-2006)CPDLC Build 2 via VDL panding NEXCOM service to the busiest terminal
Mode-2 expands the message set from 18 to m@Heas: All aircraft with the exception of military
than 100 operational messages. DSR will requifdrcraft will require NEXCOM radios to operate
changes to make the CHI suitable for the e)D Selected airspace at that time.

panded message set. En route automation changagis-1/A TWDL will become operational in
will also be required. 1998. HF voice, HFDL, and satellite communica-

Step 4 (2007—2015)CPDLC Build 2 will transi- tions Wlt||f all be available in the oceanic envi-
tion from VDL Mode-2 to the FAA-owned NEX- 'onmentior many years.

COM air-ground communication network thatFigure 17-10 shows data link evolution beginning
uses VDL Mode-3 technology. VDL Mode-2 will with existing operational and prototype services.
continue to be available via a service provider for .

AOC use. Later in the step, CPDLC Build 3 willl7-3 Transition

be implemented over the NEXCOM air-groundlThe key communications transitions appear in
communications network. Build 3 will provide Figures 17-3, 17-6, and 17-9.

the full ICAO-ATN-compliant message set for

both the en route and the high-density termindi’-4 COStS

domains. Compared to VDL Mode-2, NEXCOMThe FAA estimates for research, engineering, and
will have greater capacity and will provide mesdevelopment (R,E&D); facilities and equipment
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Taxi clearance via data link
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Expanded CPDLC messages via service provider

NAS-Wide
Data Link
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CPDLC messages for routine ATC service Includes expanded FIS and TIS and
NAS-wide full CPDLC via NEXCOM VDL Mode-3

FANS-1
TWDL
(1 Sector
Oceanic)

Figure 17-10. Data Link Services Capabilities Summary

(F&E); and operations (OPS) life-cycle costs foradios and specification of minimum avionics eg-
the communications and data link architecturaipage for all en route and high-density terminal
from 1998 through 2015 are presented in constamteas. The FAA needs to work through appropri-
FY98 dollars in Figure 17-11. ate government and industry forums to develop
proposed rulemaking for NEXCOM equipage.

17.5 Watch ltems The cost for data link messages needs to be ad
The most significant implementation factor indressed so that the additional cost does not dete
modernizing FAA communications and migratingusers from equipping with the avionics necessary
to Free Flight will be the transition to NEXCOMto use the capability.

1998 Constant Dollars

| —~L __

PART Il

\\/\/

OR,E&D
OreE
Bops

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 17-11. Estimated Interfacility Communications and Data Link Costs
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18 AVIONICS

The most noticeable and rapid changes in aviatidine length of the certification process. The follow-
during the past 20 years have been in the avioniicg) time estimate for avionics certification is used
equipment available to all user classes, froffor architecture planning purposes.

small general aviation (GA) aircraft to large transl—ndustry collaboration to develop performance

port category aircraft. This will continue to be . .
true in the future NAS because new capabilitie tanda_rds in a forum such as an RTCA Special
ommittee can take 2 to 3 years. Once a manu-

and air traffic control (ATC) services will depend : e .
on avionics equipage. One factor the architectu];zémurer applies for certification, FAA design and

reflects is the time required for the FAA to certi foduction approval can take up to 1 year, and in-

the new avionics envisioned for the future NAS. Sta”‘f"t'on approval can take another year. If rule-
making is necessary, it can take 3 to 4 years for a

The FAA is responsible for certifying new avion-final rule to be issued. However, the rule develop-
ics to ensure the equipment meets acceptable pefent process can begin at any time (i.e., rulemak-
formance and interoperability standards and opéhg is not tied to any manufacturer’s product de-
ates safely. International agreements will beign, production, or installation approval). Archi-
needed to enable worldwide manufacture and ifecture transition planning estimates account for
teroperability of avionics equipment. Another facaircraft equipment certification requirements and
tor for the architecture is what, if any, changes ipossible rulemaking actions (see Section 11, Reg-
minimum avionics equipage requirements will belation and Certification Activities Affected by
necessary for operating in the NAS and how tRew NAS Architecture Capabilities). RTCA has
accommodate an aircraft fleet with mixed equirecently convened Task Force 4, an Industry/Gov-
page levels. ernment forum, to review FAA certification pro-

Section 4, NAS Operations; Section 15, Navigd:®SSE€sS.

tion, Landing, and Lighting Systems; Section 16raditionally, as the NAS evolved, questions
Surveillance; and Section 17, Communicationghout avionics equipage levels were addressed
describe a variety of systems (or concepts thibhm the viewpoint of allowing user access to air-
will lead to SystemS) for f.uture NAS .Capab”itieSspace while m|n|m|z|ng the equipage cost bur-
some of which will require new avionics. NeWgens consistent with safety. The architecture as-
avionics may require new air traffic control prosymes the viewpoint that the benefits from new
cedures and/or aircraft operating procedurgpabilities and services enabled by future avion-
(14 CFR Part 91, 135, etc.) before the full benefitgs will provide the incentive for operators to
of the equipment can be realized. equip. However, mixed avionics equipage levels

Equipment (such as avionics) or modification taVill continue to be a fact of life in the future NAS.

an aircraft_ must first be approved through thepa minimum equipage requirements/mixed eq-
FAAs certification process. Although there ar%ipage issue is complex due to diversity in opera-

several ways to receive certification (such ag,,g (Part 91, 121, etc.), numerous aircraft types

Technical Standard Order Authorization, Supplesny performance levels, operational conditions
mental Type Certificate, etc.), in general, eac

, nstrument or visual meteorological conditions),
method leads to the same three required approysy the various airspace classes. Planning re-

als: design approval, production approval, and i 5ins to be done on the mixed equipage issue to

stallation approval. This is a very high-level repgacige what, if any, new avionics minimum equi-

resentation of the comprehenswe_ certlflcath age requirements or changes in flight procedures
mechanism manufacturers must satisfy before i

: : iill be needed. Therefore, the avionics architec-
stalling products on an airplane. ture evolution steps, schedule charts, and cost
Certification is not a standard process that occueharts described in this sectiolo not represent
over a given period of time. Each product to beinimum equipage requirements for operating in
certified has a unique set of variables that affetiie future NAS.

1. Terrain Alert and Warning System (TAWS) is an exception. See Step 1, cockpit displays page 18-4.

JANUARY 1999 AVIONICS — 18-1

|_
<
o




NATIONAL AIRSPACE SYSTEM

18.1 Avionics Architecture Evolution fly above 10,000 feet or in certain terminal air-

The avionics architecture evolution steps estimafPace unless they are transponder-equipped.
the time periods when avionics should be availVhen interrogated by a secondary surveillance
able to support the capabilities described in tH@dar (SSR), aircraft transponders reply with the

communications, navigation, and surveillanc@ircraft's altitude and assigned identification
sections. code, which is then displayed on controller work-

stations. Transponders also respond to interroga-
18.1.1 Avionics Architecture Evolution—Step 1 tions from airborne traffic alert and collision

(Current—1998) avoidance systems (TCAS). TCAS I includes a
o pilot display that identifies the location and rela-
Navigation tive altitude of nearby transponder-equipped air-

Aircraft avionics include a variety of navigationcraft. Aircraft equipped with TCAS Il also pro-
signal receivers such as very high frequenoyide pilots with a vertical resolution advisory to
omnidirectional range (VOR), distance measuringrevent mid-air collisions. Most domestic passen-
equipment (DME), nondirectional beacon (NDB)ger-carrying airplanes with 10 to 30 passenger
tactical air navigation (TACAN), instrument land-seats are required to have TCAS I; airplanes with
ing systems (ILS), Long Range Navigation-Gnore than 30 passenger seats must have TCAS II.
System (Loran-C), and the Global Positioning o

System (GPS) (either visual flight rules (VFR)Communications

only or Technical Standing Order (TSO)-C-129n the domestic environment, pilots and air traffic
compliant). These receivers, which are built to incontrollers use very high frequency (VHF) ampli-
ternational Standards, are Compatible with th@jde modulation (AM) radios for Communicating
NAS navigational aids infrastructure. Avionics reand receiving air traffic control service informa-
ceivers are usually installed in aircraft in variougon and in-flight weather information. Depart-
combinations to provide navigation, nonpreciment of Defense (DOD) aircraft use both VHF
sion, and precision instrument approach guidaneggd ultra high frequency (UHF) radios for air traf-
to pilots, using signals from receivers displayeflc control services. The FAA also uses the VHF
on various flight instruments and displays. spectrum to broadcast either recorded or auto-

More sophisticated aircraft are equipped Witﬁnated weather observations of airfield conditions.

flight management systems that process informay| aviation safety communications services for
tion from the receivers to provide area navigatiofhe U.S. oceanic regions use high frequency (HF)
capability, although GPS is making area naviggice communications via a commercial service

tion more readily available to low-end users agroyider. The airlines also use ARINC’s HF Data
well. Link services or FANS-1/A-compliant equipment

From an avionics_equipage perspective, there d‘fg data link services on transoceanic ﬂlghtS

few problims ‘é‘”th tt?e currEnt nr?wgatlonall "®Some difficulties and limitations associated with
cel\ﬁeas fOt er than t eE”“”.‘ er that mesttd EI"&bmmunications in the NAS were identified in
stalled for navigation. Equipment is affordablegetion 17. Due to the growth in aviation activity,
reliable, and “internationally - interoperable. Inqice channel congestion is occurring. In some
some terminal airspace, there is potential 'nterfefdcations the VHF spectrum is saturated to the
ence from frequency modulation (FM) broadcastint that no additional channels are available to
_S|gnals .W'th localizer signals. Addltlo_nally, ”‘S_expand existing ATC services or accommodate
installation costs and problems in obtaining a SUikaw services. such as the Automated Terminal In-
able frequency _I|m|t the number of airports thaf, mation Service (ATIS), or automated weather
can have precision approaches. observations. Spectrum availability is one of the
Surveillance critical limiting factors to expanding NAS ser-

Most aircraft that use NAS and ATC services ar\éIces and meeting growing demand.

equipped with highly reliable and affordable tranUsers, particularly the GA segment, have ex-
sponders. In general, aircraft are not permitted pressed a desire for a new universal data link
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communications capability to receive flight infor-some other display screen on which the surround-
mation services (FIS), such as updated weatheg terrain is shown with the threatening terrain
forecasts, hazardous weather advisories, andkighlighted.

graphical weather depictions in the cockpit. Com- _ _ _ _
mercially provided FIS services that include elecCurrently, some air carriers are voluntarily equip-
tronic messaging as well as weather informatioRing with TAWS, and the FAA has released a no-
are becoming available for low-end GA userdice of proposed rulemaking to mandate TAWS
Traffic Information Service (TIS) via Mode-S us-€quipage. During Step 2, the FAA will mandate
ing the 1030/1090 MHz spectrum is addressed WS equipage to replace GPWS as the standard

Sections 16 and 17. terrain warning system. TAWS will be required
on all U.S.-registered turbine-powered airplanes
Cockpit Displays with six or more passenger seats.

Aircraft with electronic flight information sys- o ) _
tems (EFIS) can display a variety of information18.1.2 Avionics Architecture Evolution—Step 2
such as navigation routes, onboard weather rada999-2003)

data, and TCAS information. EFIS dlspla_ys argafe Flight 21, a limited operational demonstra-
currently useql to replace a_malqg 96‘“983 with dIgﬁ'on, will be a key step toward mitigating the
tal _multlfu.nctlo_n eIectrpmc _dl_splays, hOVVever’scheduling and technological risks associated
their functionality remains S"“""?‘T to Fhat of th_e,- ith NAS modernization. Safe Flight 21 is impor-
a_lnz_ilog gauges they replac_e_._|n|t|al displays Wit to the avionics architecture evolution because
limited multifunction capabilities are also avall-,[he safety and efficiency benefits of moderniza-
able to low-end GA users. tion outlined in the overall architecture depend
One primary concern for all aircraft is the limitedargely on avionics. The Safe Flight 21 program
amount of panel space available for avionics anill test the avionics and ground infrastructure as
displays. This highlights the need for integrated whole. Results from the Safe Flight 21 program
avionics equipment and displays, which will takevill be used to refine the architecture, including
up less space than today’s piecemeal, stand-alomégonics evolution. See Section 6, Free Flight
systems. Integrated avionics suites are more preRhase 1, Safe Flight 21, and Capstone, for a mor
alent on air carrier and high-end GA aircraft wittcomplete discussion of the Safe Flight 21 pro-
EFIS displays and flight management systemgram.

However, even these aircraft have problems re-

sulting from add-on stand-alone equipment, andavigation

not all air carrier or corporate aircraft have EFI
displays or flight management systems.

?n Step 2, GPS avionics capabilities will have at
least three distinct levels of sophistication: (1) a
During Step 1, terrain awareness capability iI&PS receiver for en route navigation and non-
available for air carriers and high-end GA aircrafprecision approach capability; (2) a GPS Wide
through ground proximity warning systemsArea Augmentation System (WAAS) receiver
(GPWS) that provide aural warnings when an aiwith precision approach capability (Category
craft is close to the ground. An enhanced terra{CAT I); and (3) a GPS Local Area Augmentation
awareness warning system (i.e., the terrain al&®ystem (LAAS) receiver with CAT I/1l/lll preci-
and warning system (TAWS)) that provides morsion approach capability. WAAS and LAAS are
warning time than GPWS is becoming availabledesigned to provide a level of service equivalent
TAWS uses position data from a navigation syde or better than ground-based systems. The archi-
tem, such as a flight management system (FM&)cture supports dual operations, from WAAS ini-
or GPS, and input from a digital terrain data bad@l operating capability (IOC) until the ground-
to display surrounding terrain. The computebased navigation system phase-down is complete.
sends warning alerts to the plane’s audio systehis provides ample time for users to transition to
and displays in the event of a potential collisiolPS avionics and for the FAA to ensure that aug-
with terrain. The TAWS computer can input disimented GPS (WAAS/LAAS) operates as de-
play data to either the weather radar, EFIS, aigned.
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During this time frame, traditional ground-basedn the oceanic environment, the FAA will begin
navigation aids will continue to be available andhstalling the necessary infrastructure to support
studies will be completed to determine what, iutomatic dependent surveillance addressable
any, ground-based navigation aids should be réADS-A) operations. The main incentive for users
tained to supplement augmented GPS. If unforés equip with ADS-A avionics will be access to
seen problems arise, the architecture will be adelected oceanic tracks that permit more optimum
justed and phase-down of ground-based navigiight profiles. Additionally, air-air ADS-B avion-
tion aids will be appropriately modified. The FAAics will be used to support in-trail climbs/descents
will not transition entirely away from ground-in the current oceanic track system.

based navigation aids until it is certain that aug- o

mented GPS meets required performance. DOBPMMunications

will conduct an analysis to determine what GP$ collaboration with industry, the FAA will final-
avionics capability is suited to its worldwide mili-ize standards for next-generation communications
tary mission, as well as to the NAS. system (NEXCOM) VHF digital link (VDL-

When purchasing equipment, all instrument fIigh't\/IOde'S) radios that have digital voice and data
' pability. VDL-Mode-2 digital data services

rules (IFR) users will have to consider the cost qcﬁ

S rough a commercial service provider will be
GPS navigation data base updates. IFR GPS NalVailable to properly equipped users during this

gation data bases must be updated every 28 d%%ﬁe frame. The current VHE (and UHF for
to maich the cycle for ghar_t and approach pla OD) amplitude modulation system will remain
updates that reflect navigation/approach changI S

in the NAS. Currently, the cost to update low-eny" use for voice communications. FIS services

GA GPS navigation data bases is $500 to $7(%Il (_:ontlnue_c';o be available through commercial
per year. service providers.

_ During Step 2, HF voice and data link will con-
Surveillance tinue to be the primary communication links in
Air-air automatic dependent surveillance broadhe oceanic area. However, voice and data com-
cast (ADS-B), using GPS as the primary source afiunications via geostationary (GEO) satellites
navigation data, will be available for pilot situa-will become more prevalent because satellite
tional awareness. ADS reports will include aircommunications will be the primary link for
craft identity, position, velocity vector, and othelADS-A capabilities.
essential information. ADS-B-equipped aircraft o
within the proximity of another ADS-B-equipped COCkpit Displays
aircraft can receive the broadcast, decode the pgdew cockpit display avionics will provide infor-
sition data, and display the received position onraation to the pilot in textual and graphical format
cockpit display. Air-air ADS-B will require spe- including ATC clearances and messages, traffic
cial avionics, GPS or FMS area navigation capaformation, moving maps, terrain displays,
bility, and a cockpit display, including interfacesnveather, aircraft and flight monitoring, and other
for the various components. Broader applicatiomformation. These capabilities will offer im-
for ATC surveillance will depend on creating arproved flight safety, efficiency, and flexibility,
ADS ground infrastructure. particularly for GA users. A flight computer is
In Step 2, TCAS remains as an independent al1#_sually required to process the information and

air collision avoidance system. ADS-B avionicsdnve the displays. Sophisticated transport aircraft

will operate on a noninterference basis witlfflng busn;gsz_Jetls will b_egl?htheEtIr:allgsmo? to textd
TCAS-only-equipped aircraft. During this step% ?tia?r;Fr)-a:iCr AE%?és;nsén\%Dﬁg data ﬁzi igsa?n
the existing equipage requirements for transpogi”ties P
ders and TCAS will remain in place and no ‘

change will be required for TCAS software, dudhe Safe Flight 21 program will provide the oper-
to ADS-B. Also, Mode-3/C transponders will stillational testing environment for developing inte-
be in use, operating seamlessly in the same sygsated cockpit displays and multifunctional avi-
tem. onics, particularly for low-end GA. The results
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will be used by the FAA to create appropriat€ommunications

standards for cockpit displays in all user categqrhe FAA will begin replacing approximately
ries consistent with the concepts in the NAS a®0,000 VHF radios with new digital NEXCOM
chitecture. radios that have both digital voice and data capa-
o , . bilities. The radios will be able to emulate the ex-
(1280%)43_';\88%'% Architecture Evolution—Step 3 isting analog system and can be designed so that
selected modulation techniques are software pro-
Navigation grammable. A phased transition to NEXCOM
The transition to GPS-based avionics for navig —\g?_n;\jsdw'g begl_n dturlng St(_ep tg to provrl]c_leh
tion will continue in Step 3. Traditional ground- nd _hi % :;] rgj{g'ggctgrgs(gaso:/ne fliehflljcre)\(/aezl (II:gL)
based navigation systems will remain in servic§4o) 9 9
but will begin phase-down. The FAA projects tha '
by the end of Step 3 or in early Step 4: The FAA is considering mandating NEXCOM

. GPS WAAS avionics will be installed in 65duipage for operators in these en route sectors

during Step 3 because the transition depends on
g;m;l?;igfeggeaﬁﬁ;lﬁf;gr}?e;&o percent of thg” aircraft in the airspace being equipped with a
' suitable digital radio. DOD will be exempt from
» 100 percent of the air carrier, regional, andny NEXCOM mandates and will continue using
commuter fleets will equip with a GPSUHF for voice communications. Other en route
WAAS/LAAS receiver. sectors and terminal areas will continue to use
DOD avionics may be based on the precise pos\I/_HF analog voice communications or NEXCOM

tioning service (PPS) signal available only to thEaOIIOS in analog emulation mode. Users will be

military and authorized users, rather than Oﬂmtivated to equip with digital radios mainly be-
WAAS. During Step 3, DOD will’start to equip itscause of the reduced operational constraints from

fleet (approximately 16,000 aircraft) with GPSfrequency congestion. E
avionics suitable for the NAS. Cockpit Displays d‘f
Surveillance New multifunctional displays will continue enter-

ing service at all levels to integrate data and infor-

During Step_ 3, the FAA will begin installing ADSm tion from systems such as TIS, FIS, ADS-B,
ground stations in nonradar en route areas andfgs etc

major airports to use ADS-B for air-ground an
airport surface surveillance. Aircraft with ADS-B18.1.4 Avionics Architecture Evolution—Step 4
avionics will provide a periodic broadcast of thg2008—-2015)

aircraft’s position, velocity, altitude, identifica- o

tion, and other information. Mode-3/C transponiNavigation

ders will still be compatible with the NAS radarThe architecture assumes that IFR users will com-
surveillance infrastructure. plete their transition to GPS-based avionics dur-

TCAS will be retained as an independent coIIisio'@ngmtgllgtélThee pg;gsdé_ggﬁn\/\;glr atl:g)(\j/\i/ti:)hneallzgg&gd_

avoidance system and the equipage requireme I ,
for TCAS and transponders will remain in pIaceB sed navigation systems, but some may remain

: - n service if navigational system redundancy is
ADS-B W'” be complementary to TCAS, but WIIIw rranted. GPS equipage will depend on user
not require software changes or replacement

TCAS equipment. The proliferation of air-air sur-8 aluation of operational need and any minimum
: quip - e p .~ . equipage requirements the FAA may mandate.
veillance systems will enable broader applicatio

of pilot self-separation procedures and rules Phose that fly VPR only will continue to do so
P P P " and will either not have GPS at all or will equip

In the oceanic environment ADS-A and air-aiwith a noncertified VFR-only unit. Those that fly
ADS-B avionics will be used, along with navigadFR down to CAT | precision approaches will
tion, ATC communications, and automation imequip with WAAS avionics or continue to use cur-
provements, to reduce aircraft separation. rent TSO C-129 equipment and accept the non-
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precision approach limitation. Those that curwill remain in use as well. Cost versus flexibility
rently fly to CAT 1I/lIl minimums will equip with to fly optimum tracks and profiles will be a deter-
LAAS. mining factor in how users choose to equip.

Surveillance 18.2 Human Factors

Installation of ADS ground systems will be comNAS modernization will invoke or accommodate

pleted in the terminal and en route airspace, thagnificant changes on flight decks, such as using
extending use of ADS-B for air-ground and airmultifunction displays that present information on

port surface surveillance. Aircraft equipped witithe location of proximate aircraft, weather, ter-

TCAS and Mode-3/C transponders will still berain, and other flight information. Human factors

compatible with the NAS infrastructure. ADS-Bactivities will be required in the development of

will be integrated with the future emergency locaavionics standards and installation, training, and
tor transmitter (ELT) to provide discrete identifi-maintenance guidelines. These include:

cation codes and GPS-based position informatign

. Developing human factors requirements and
to enhance search and rescue operations.

standards for avionics certification

TCAS will remain as an independent collision,  ggtaplishing human factors installation guide-

avoidance system, but the FAA may accept air-air jines for retrofitting advanced avionics into
ADS-B as an alternate means of complying with  ;\4er aircraft

the collision avoidance mandate. The alternate _ _ _ _
compliance finding will depend on collecting datd Developing, implementing, and assessing
that prove air-air ADS-B is no less capable than human factors training requirements for
TCAS. This data collection may be done during Pilots, controllers, and maintenance techni-
the Safe Flight 21 program. Additionally, imple- ~ ¢lans
menting a TSO and changing existing regulations  Standardizing avionics displays among differ-
will have to be accomplished before air-air ent manufacturers.
ADS-B can be substituted for TCAS.

o 18.3 Transition
Communications Figure 18-1 shows the ground infrastructure tran-
As the transition to NEXCOM progresses, morgition to support avionics equipage and the antici-
ATC sectors will convert to digital communica-pated transition for cockpit displays.
tions, commensurate with user equipage. Flight
information services such as weather informatioh8-4 Costs
and notices to airmen (NOTAMs) will be avail-Table 18-1 shows estimated avionics equipment
able via the NEXCOM data link. During this stepcosts separated into four user-categories. The air
the FAA is considering mandating NEXCOM ra-carrier category represents major, national, and
dios at FL 240 and above as well as in selectedgional airlines flying all-jet fleets in Part 121
high-density terminal airspace and some asso@assenger or cargo revenue service. The mid-
ated low-altitude en route sectors. Low-densityange category represents commuter, air taxi, and
terminal areas and en route sectors below FL 240rporate GA flying turboprop, jet, or large multi-
will continue using NEXCOM radios operated inengine piston aircraft under Part 91, 121, or 135
analog emulation mode. DOD will be exemptegulations. The low-range category represents
from any mandated requirements and continue usmall single- or twin-engine piston aircraft oper-
ing UHF for air traffic services to allow moreated under Part 91 regulations. The military cate-
time to equip its significantly larger fleet. gory represents the full range of DOD aircraft

Low and medium earth-orbiting (LEO/MEQ) sat-from helicopters to cargo transports.

ellite systems will become available as an alteHowever, the lines between categories are often
nate means of ADS-A-compliant voice and dathlurred because of aircraft type, performance, or
link communications for oceanic areas. Users withperational use, and some aircraft or operations
have a wider selection of avionics options bedo not fit neatly into the defined categories. For
cause GEO and HF voice and data link systenmsstance, the New Piper Malibu, which is a single-
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engine piston aircraft, has the performance to faand the price range is based on the wide variety of
used in a Part 135 air taxi or small corporate aichoices and feature/capability options available.
craft operation. Similarly, one model of the Boe- _
ing 737, which normally fits the air carrier cate/Another factor that can affect the nonrecurring
gory, is being marketed as a corporate aircraft it cost is the trend toward integrating avionics

compete against other high-end business jets wigquipment rather than k_)undlng individual, stano!—
o alone boxes. The trend is particularly prevalent in
similar performance.

the air carrier and mid-range categories but is also
Table 18-1 provides a range estimate of nonrecftarting to affect the low-range category as well.
ring costs for avionics equipment only. The tabl«?_nde reason fpr t_he hlgtr;]er ﬁ_osr: of allr_ (E)e_llr_?er agd
does not include items such as installation, or rglid-range avionics 1S hé nig _er reliability -an

. - erformance standards the equipment must meet.
curring costs for training or data base updateg, L . . :
The figures in the table are an average compil r example, avionics on air carrier and high-end

) L A aircraft are typically built with more redun-
from representatives of the avionics manufactuaancy than equipment for low-end GA. The mili-

ing industry and the military. For equipment, sucl, has additional specifications that increase

as GPS/LAAS or ADS-B, the price range is apqost, such as resistance to electromagnetic pulse,
educated guess or cost goal because there are ﬁﬁ@gedizing equipment for high G loads, secure

too many unknowns relative to performance anghti-jam system requirements, etc. Future archi-

certification requirements. For avionics such agcture efforts must focus on what, if any, manda-

EFIS displays or GPS-receiver autonomous integery equipage requirements will be needed and by

rity monitoring (RAIM), the costs are well knownwhen.

([OAA 96|/ 97/98|99/00| 01 02|/03/04|(05|/ 06| 07/08| 09/ 10 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transition Steps IStep ‘l IStep % ‘ : St?p 3 : i : Ste‘:p 4 : ‘ :

Redundant Capability

Navigation | VOR, VORTAC, TACAN, NDB, LORAN-C

WAAS (GPS)
ILS/DME - CAT |
Landing Redundant Capabilit
ILS/DME - CAT Illi edundant - apabrity
\'\'\ LAAS (GPS)
Transponders | MODE - S
‘ | | ADS-B
Collisi MODE - AIC
ollision
Avoidance |___ LGN . . . . .
UHF Voice Radio
Voice Comm | — -
Analog VHF Radio —_ NEXCOM Digital Radio
Data Comm - —
ACARS | ——— NEXCOM Digital Radio
Data Link Radio |
| | I 1 I | I | I I I I
CD(_)CkIpIt g]f’Ban:rL%akl Display Cockpit Display of ADS-B Information
ISpiay Information Cockpit Display of NEXCOM
; ; ; | : : - : : ‘ Dat? Linl‘< Infolrmati‘on :

Figure 18-1. Ground Infrastructure Transition Supporting Avionics Equipage
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Table 18-1. Estimated Avionics Cost§1998 Dollars)

Avionics Air Carrier Mid Range Low Range Military

Communication:

Digital Radio (voice) | $10-20K $10-20K $4-5K $60-80K®

CMU (data) $25-45K10 $15-30K $7-9K $15-30K12

Cockpit Displays:

TAWS $47-50K2 $47-50K1 N/A® $47-50K

EFIS $200-229K $40-229K7 N/A $40-80K13

MFD N/A N/A $10-12K>5 N/A

FIS (Weather) $6-8K4 N/A
Navigation:

GPS-RAIM N/A $8-10K $3.5-9K $13-14K

GPS-WAAS integ. with LAAS $12-15K $5-10K3 TBD

GPS-LAAS $15-30K1 $15-30K16 N/A TBD
Surveillance:
ADS-A (Oceanic) $700-775K14 $560-620K15 N/A $800-1,000K17
ADS-B (Data Link) $25-35K20 $25-35K $5-7K6 $55-65K18
Mode-S $20-30K1® $20-30K $4.5-5.5K $20-30K

Non-EFIS-equipped aircraft may have less capable system with regionalized data base and no reactive windshear costing between $15 and 20K.

For digital or analog data bus, includes reactive windshear. Requires EFIS display.

Additional costs may be incurred for annunciator lights or new course deviation indicator.

Includes dedicated display. Service available on laptop computer provided by operator for 1.5 to 2.0K.

Excluding equipment that provides information to display.

Includes basic Mode-S with ADS- B card and receiving/processing TIS information (no display). Predicts transponder cost decrease due to integrated

functions and increased user equipage.

Price depends on how sophisticated/how many display tubes the EFIS has, i.e., a one-tube basic system versus a five- or six-tube high-end system.

. Includes military-unique requirements such as secure communications capability.

9 CertiEed TAWS probably will not be available for small aircraft. However, noncertified TAWS-like capability will be available as part of MFD software
packages.

10. Cost is dependent on several factors, such as range of features selected.

11. Cost presented here is an estimate for an integrated WAAS/LAAS receiver.

12. FAA will continue to support the UHF infrastructure for DOD use.

13. Costs vary depending on aircraft type and features selected.

14. Data from Industry Customization Working Group using B767 example. ADS-A is not sold as stand-alone equipment; it is part of FANS package, including
display, FMC, CMU, etc., and hardware/software upgrades. Low figure is for FANS-1/A package without CPDLC capabilitiy and excluding GPS. High
figure includes CPDLC capability. Add $260K for CNS/ATM-1-compliant package.

15. Industry Customization Working Group estimates that mid-range costs are approximately 15 to 20 percent less than air carrier costs. Add $220K for
CNS/ATM-1-compliant package.

16. Cost for integrated WAAS/LAAS system similar to air carrier.

17. Complete FANS-1/A, CNS/ATM-1-compliant package, including displays, hardware, software, and military-unique requirements.

18. Includes TCAS Il equipment with provisions for ADS-B add-on and military-unique requirements.

19. Airlines are required to have two transponders.

20. Mode-S with ADS-B card. Non-EFIS-equipped aircraft will also require a dedicated display costing approcimately $20K.

S~ wWNE

© ~

18.5 Watch Items

e Establish minimum equipage requirements
with appropriate user input

* Review and implement RTCA Task Force 4
recommendations on certification.
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19 NAS INFORMATION ARCHITECTURE AND SERVICES FOR COLLABORATION
AND |INFORMATION SHARING

The NAS information services offer a new collabThe NAS information services are based on con-

orative capability for information sharing be-sistent information exchange among NAS sys-

tween FAA and NAS users and througout theems. These services, for the most part, are a re-
FAA. Information sharing will be improved sult of system interoperability that is transparent

across all domains and with other organizatiorts collaboration users and is provided through

that need this information. Generatingconsistent interfaces developed for each system.
processing, and distributing information is arfo achieve interoperability, coordinated interfaces

integral part of the NAS. As emphasized in thér data exchange among FAA and NAS user sys-
Air Traffic Services (ATS) concept of operationgems must be established during systems develop-
(CONOPS), information exchange is essential tment.

fe and efficient NA tions. . o oo
safe and efficie S operations Currently, NAS information is managed primarily

The collaboration envisioned for the future is &jithin individual systems. Overall, this creates
complex process that is being jointly explored byhany inconsistent and inefficient local informa-
the FAA and the user Community. CO”&bOf&tiOfﬂion management operations that are based on
and information-sharing services will evolve asyidely varying standards, definitions, and data
experience is gained. Information exchange betructures. The future NAS information systems
gins with data exchange as it now exists and th@fll make interoperability easier to achieve and
evolves to the collaborative process, as illustrateflore cost-effective. As the NAS grows more
in Figure 19-1. The goal of an evolutionary apcomplex, system interoperability will become a
proach is to begin collaboration as early as posgiecessity. Data standardization will support im-
ble. plementation of a common, flexible system with
In the collaborative decisionmaking procegs; Consistent interfaces between systems and which
ers make decisions associated with their oper&ffers more options for the aviation community to
tions (e.g., the priority of a particular flight leav-Share data with and retrieve data from the NAS.
ing a location) Service providersnake decisions . . .

associated with NAS resources (e.g., airspace aﬁ%‘l Information Services Evolution

airport capacity during adverse weather condiFhe NAS information services will be allocated,
tions). tailored, and integrated at three levels:

FAA Data

ATC AOC
(Independent (Independent
Processes) Processes)

FAA Data

User Data

Level 1: Exchange

ATC
(Common
Processes)

AOC
(Common
Processes)

Shared
Data

Level 3: Collaboration

/2

S

ATC
(Cooperative
Processes)

AOC
(Cooperative
Processes)

w

User Data

Level 2: Cooperation

Figure 19-1. Evolution of Collaboration and Information Exchange
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Data standardization and
across applications

interoperabiliticonflict probe (CP) applications within an en
route center.

The local or facility levels Data standards in existing systems are frequently
The NAS-wide level. inconsistent-sources for the same data may vary
, o and formats may be incompatible. Interoperability
Each of these will manage and maintain approplizquires translating data whenever information is
ate information for internal use and exchanggansferred from one system to another.
with other users. Figure 19-2 shows the four ma-

jor information end-user groups: Local- or Facility-Level Information Exchange

» FAA service providers Local information systems will interoperate

through consistently defined information ex-

change. As local legacy systems are replaced or
new systems developed and deployed, commer-
cial data base management systems will be used

) . i i where applicable, and information models for all
A goal of NAS information services (in support of,

the CONOPS) is to share information seamlessf)yStems will be based on managed data standards.
across these organizational boundaries; this r@formation exchange at the local or facility level
quires data standardization. will be the backbone of information exchange at
the national level and with NAS users. Specific
data categories—such as local weather data, adap-
Data standardization will address how data atation data, dynamic and static resource data,
exchanged between multiple applications. For eflight and demand data, performance data and
ample, it will ensure compatibility between Centraffic management demand/capacity data—uwiill
ter TRACON Automation System/Traffic Man-be stored within the local information systems as
agement Advisor (CTAS/TMA) applications andrequired. The data will be updated and made

Flight planners

Aircrews

Aviation auxiliary or indirect users.

Data Standardization and Interoperability

Aircrew
Information Usage

Flight Planner
Information Usage:

Flight Data, Resource, WX,
Performance (Military Does
Not Provide Performance)

Aircraft Operators’ ™) | g— (Logical)
Systems I 4>
- Standardized
International | ——— > Data
Aviation Systems Distributed

Military Aviation
Systems

Flight Service
Station
Systems

Tower
Systems

En Route
Systems

Terminal
Systems

NAS-Wide Information Exchange

Information Services
(Distributed)
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Figure 19-2. Seamless Information Flow in the NAS
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available to NAS service providers and users a® single authoritative NAS-level information
required. system exists. Systems for such information ser-

: vices will be developed as NAS-wide resources.
NAS-Level Common Information Exchange P

NAS-level common information systems ex-The local and NAS-level common information
change information across NAS facilities andxchange will evolve as depicted in Figure 19-3.
among NAS service providers and NAS user§hese increments comprise a four-step evolution.
These interoperating systems require consistentiyie first step describes current information ser-
defined information exchange. As these systences. The second step establishes data standards
are replaced or new systems are developed, Cofficuding definitions, sources, and formats) for
mercial data base management systems will Bephieying efficient interoperability among legacy

ijsed”Wherte appll_(l:ialtta)le,banddmformatlon rrc‘ioge%stems (near-term view). The structured data can
or all systems will beé based on manage a{ en be stored in external storage media, where

standards. the data will be directly accessible by external ap-
The standards will involve determining whereplications (mid-term view—Step 3). The target
data come from, who uses the data, how the daf@w (Step 4) represents the best in system in-
are defined, how the data are transformed, aRgoperability in which information is easily and

who owns the data. The answers to these qQUggiambiguously exchanged as required. As it
tions will help determine the data standards f(g

e . . > evolves, it will provide information to both users
specific items, such as the flight object (define nd service providers, taking into account neces-
as flight plan information and other information, . -
such as preferred runway and taxiway). It will inSary security precautions.
clude International Civil Aviation Organization

(ICAQ) flight-plan-compatible data and will be
available to all authorized users, as defined durin|@he exchange of information across the NAS en-
development of each system. visioned by the CONOPS will be based on ac-

In some cases, such as for the aggregation and¢epted industrywide information architecture
tegration of airspace and airway adaptation datarinciples.

NAS Information Architecture

Current View-Step 1

SYf?temhiniefOpefaEi“ty Near-Term View-Step 2
“after-the-fact” wit . B . .
Unstructured ‘local’ data  SyStem interoperability  Mid-Term View-Step 3

“aftel’-the-i:’:lct" V,\{|th System interoperability Target VIEW—Step 4
Standard "local” data with structured “local” System interoperability
S S ; )
L data in COTS DBMSs with structured “local”
System System data in COTS DBMSs and
A 1 B Common Information Services
w w System System
A B

Standard Standard
Data Data

Repository Services
Common Information Services

Distributed NAS Data Base

DBMS Standards
Data Standards

DBMS Standards
Data Standards

Data Standards

Figure 19-3. Evolution From Existing Information Systems to Future Systems
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NAS Information Architecture Goals vicesdistributed across the NAS and coordinated

the NAS is based on meeting the following foufhy of data ownership will enhance operational
goals: decisionmaking by providing access to consistent,

_ _ ~timely, high-quality NAS information.
» Data Quality and AccessSupporting the in-

formation needs of the many NAS users andow NAS Information Services Are Used

service providers with timely, accurate, andNAS information services will be managed and
complete information via system-to-systemdistributed across the NAS at three levels: NAS-
human-to-system, and human-to-human inwide, locally, and at the system level. Figure 19-4
formation access distinguishes the basic set of information services

» Interoperability: Providing for data exchange by each of the three levels. The issue of data
P Y- 9 9 *ownership” is really one of distributed responsi-

cooperation, and collaboration using da?%ility. The FAA will need to assign new roles

commonly defined by numerous NAS organis, - ) e

zations, systems, and users (e.g., data administration and data base adr_nlnls-
’ ’ tration) at the three levels, and NAS users will be

» Cost-Effectivenes®elivering information in responsible for the aspects of information man-
a cost-effective manner and emphasizing iregement that naturally fall within their area. For
formation reuse instance, air carriers initiate flight schedules and

. . ... flight changes; the military manages special use
Responsu_veness, F'ex'b"'Fy’ and SCaleab"'tyairspace (SUA); and international aviation is ac-
Responding to new functional needs quickl

o ¥ive in oceanic airspace.
and efficiently. P

i i All three NAS user constituencies will structure
Local- and NAS-level common information eX-hair information services consistent with FAA in-

d ) id Th S airspace situations, from severe weather (in
users and service providers. These systems Wiy time) to ground delays (in near real time) to

manage all types of NAS data, with emphasis af.snace design (archivalianalytic) issues.
the core types of operational data (i.e., flight, sur-

veillance (positions), NAS resources, and weath&0r domain-specific implementation information,

data). Both static (i.e., descriptive) and dynamitefer to the domain sections (Section 21, En
(i.e., NAS status) data will be managed, and opeRoute, and Section 23, Terminal). Details of in-
ational data will be used for real-time safety anfPrmation architecture not described in the do-
traffic flow decisionmaking, as well as for pre-main sections will be developed as part of the in-
and post-event analysis to improve operation&prmation architecture process.

performance. Information services will evolve as software and

To support data exchange as envisioned, |0Cglr|1_terfaces for new systems are developed or exigt—
and NAS-level information systems will be im-9 Systems are upgraded or replaced. This wil
plemented using a variety of information technoll€dul’® a consistent set of standards and require-
ogies and tools, including information standard4€Nts that will apply to new software and operat-

services, and processes. More importantly, nelifd Systems, networks, and interfaces. The evolu-

information management processes will be put fipn is described generically in the following

place to achieve coordination across organiz&€PSs-

tions, domains, and systems. 19.1.1 Information Services Architecture Evo-
The information exchange will be service-ori/ution—Step 1 (Current-2000)

ented. To be successful, it requires systems tHatiring Step 1, the NAS-level common informa-

cannot be specified and acquired as a traditiorin exchange implementation is primarily con-
application system. It is set of information ser- strained within existing data management ser-
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/ NAS:-Level Common Information Service \
NAS data policy, roles and responsibilities Common NAS data definitions

NAS-level business rules Data modeling tools and practices
NAS information engineering repository Common NAS data models
NAS information security policy NAS common data bases:
NAS Technical Reference Model (TRM) flight info., airspace, weather, NAS status
NAS user common interface NAS archive
Interfacility comm. interface standard System interface standards
NAS common data software library NAS-level cost and schedule data base
/ Local Information Service \ \ \
Local information management
- data conversion, collection, System Information Service \\
storage, distribution )
DSS GUI standards System data poll_cy_and procedures
Intrafacility comm. interface standard System data definitions
local data policy and procedures System data models
Local data definitions System DBMS
Local data models System Standards Profile
NAS repository access Preferred information technology
Local data bases/datamarts: Common software reuse
NAS adaptation, local weather, Engineering repository

local status System backup and recovery
%cal archive

Figure 19-4. Three Levels of NAS Information Services

&\k\

vices and legacy automation systems. Organizduring this step. Determining common data stan-
tional and technical research groundwork will dedards and structures will enable establishment of
termine how to move from the way data ara central data repository for NAS-user access to
currently defined and managed within systems &ome local data. Since security systems and pro-
a way that is compatible with coordinated syseedures will not be fully implemented, external

tems, facilities, and NAS perspective. The initiaNAS users will access data from data bases estab
tasks include: lished for that purpose, not directly from the ap-

* Maintaining and augmenting NAS user-to-phcatlons that generate the data.

system and system-to-system exchange of ekhe flight object, as described in the CONOPS,
isting data significantly changes how flight data will be man-
. . aged and shared in the future NAS (see Figure
’ ri?ﬁﬂflgggngivevs l\:)ﬁii_l\)/\i/lli?igsdata Manageig. ). First, as a replacement for today’s flight
P plan, the flight object is much more comprehen-
e Baselining existing information definitions sive in scope and encompasses new data such as
and requirements flight preferences. Second, the responsibility for
. , processing flight object data will be distributed to
e e 19 aiferent systems as a fight moves from prefigh
o _ _ planning to in-flight operations to postflight anal-
In transitioning from current information andysis. Third, all data in the flight object associated
transmission methods, data will continue to bgith a flight will be made available NAS-wide

available in its current form. Some data will r'eand shared with NAS users as appropriate_
main in its current form in the future (e.g., data

available over the Internet). Other data will b&eY activities in the information services evolu-
added to the current transmission media, particl{on during this time frame include:

larly the Internet and data link. « Developing requirements and standards for
flight object data

|_
<
o

19.1.2 Information Services Architecture Evo-
lution—Step 2 (2001-2004) » Developing standards for internal interfaces

A set of common, standardized information ser- to the local information systems

vices supported by the local and NAS-level con» Developing standards for interfaces to exter-
mon information systems will begin to evolve nal NAS users
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Figure 19-5. High-Level View of the Flight Object

19.1.3 Information Services Architecture Evo-
lution—Step 3 (2005-2008)

Implementing data security policies for locall9.1.4 Information Services Architecture Evo-
and NAS-level common information ex-lution—Step 4 (2009-2015)

change

A set of common, standardized information ser-

Incorporating local information exchange cavices supported by the local- and national-level
pabilities into air route traffic control centersinformation services will continue to evolve. All

(ARTCCs)

features—which are currently envisioned for

NAS-level common information exchange that
Providng NAS user data, including real-timesupports seamless data exchange within the NAS

SUA status and facility status

Providng security for data access ancf

exchange, as appropriate and available.

and with external users—will emerge in this time
rame. Additional features will be developed as
experience with the evolving NAS-level informa-

tion services accumulates and as technology and

user requirements evolve.

Key activities in the information services evolu-

The set of common, standardized information setion during this time frame include:
vices supported by the local and NAS-level com-
mon information exchange will continue to®
evolve during Step 3.

Key activities in the information services evolu-
tion during this time frame include:

Developing requirements and standards for
NAS resource (facility and airspace) status
data .

Beginning deployment of local information
system capabilities, tailored to support other
facilities

Providing security for data access and ex
change, as appropriate and available.

19-6 — NFORMATION SERVICES

Completing and maintaining requirements
and standards for all shared NAS data

Beginning distribution of flight data to NAS
users via the NAS-wide information network

Making flight object data available NAS-
wide

Providing standardized, common data ser-
vices support for NAS applications

Providing NAS users access to all authorized
NAS data

Providng security for data access and
exchange, as appropriate and available.
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19.2 Summary of Capabilities mation about the flight. The information will
be standardized to be consistent with ICAO
standards. The user is one of the main sources
of this type of data.

The modernized information systems will distrib-
ute timely, accurate, and consistent information in
electronic format across the NAS, resulting in im-
proved services to users, more efficient use of Resource Datainclude static resource data,
NAS resources, better flight planning, and more such as NAS boundaries, configurations, run-
cost-effective systems development and acquisi- ways, and SUAs; and dynamic resource data,
tion. The information systems will provide users such as airport and airspace capacity con-
and service providers with a common view of the  straints, current configuration of runways,
NAS for collaborative decisionmaking. Common,  system infrastructure status, schedule of SUA
standards-based data services will provide data activity, and schedule of maintenance activity.
collection, validation, processing, storage, and The FAA is one of the main sources of this
distribution of data to and from data sources that type of data.

are both internal (e.g., traffic flow management)
and external (e.g., the National Weather Servie Enhanced Weather Datdnclude current and
(NWS), airlines, DOD, and international traffic fo_recast weather, hazarqlous weather alerts for
flow managers) to the FAA. Figure 19-6, illus- windshear events (microbursts and gust

trates collaboration based on the Free Flight con- [1ONts) and other hazards such as icing, turbu-
cept. lence, etc.

Traffic Management Datainclude current
and anticipated demand/capacity imbalances
and planned strategies for managing them.

Data will be dynamically updated as situations
change. Data types will include:

 Flight Data: Such as the filed flight profile |
and all amendments, first movement of the
aircraft, wheels-off time, in-flight position
data, touchdown time, gate or parking assign-
ment, and engine shutdown. The current
flight plan will be expanded to become the Geographic Data:include terrain maps, ob-
flight object and will include the added infor-  struction locations, airspace boundaries, etc.

NAS Performance Measurement Dakro-
vide information on NAS performance in a
meaningful and readily accessible format for
better planning.

|_
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Figure 19-6. Collaborative Decisionmaking in the Future NAS and Electronic Data Exchange for
Collaboration
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* Surveillance Data:Include aircraft-position 19.4 Information Security
time and coordinates reports, velocity,

_ _ and iNyj| information service providers are responsible
tent information.

for information exchange security. This includes

The NAS is increasingly dependent on greater ificCcess privileges, data integrity and availability,
formation exchange for better and shared plagnd data sensitivity. Security will become a more
ning and decisionmaking. The NAS-wide inforcomplicated issue as the local and NAS-level
mation network will provide NAS users and sercommon information systems evolve and as more
vice providers with consistent, accurate, timeljpformation is shared among the FAA and NAS

data to allow for future collaboration. users. Protecting the integrity and privacy of FAA
and NAS-user provided information will be criti-
19.3 Human Factors cal to information exchange effectiveness. For ex-

The new automation architecture and informe@™MPI€: Users must have confidence in the data
gey access and confidence that sensitive or pro-

tion-sharing processes will reduce human erro : .
and improve throughput, workload, system confienetary data they provide will be prot_ected._ New
! ' gcurity systems and procedures will be imple-

dence, and situational awareness. Human faCtc?nented See Section 9, Information Security, for a
goals for this architecture are to: ) ' Y

more detailed discussion.

* Reduce the potential for a human error (e.g., .
input error, or anomaly in one part of the syst9-5 Transition
tem to adversely affect the performance of arFhe transition timeline for implementation of
other part or person) NAS information services is discussed next. The

. Base the conceptualization, design, and d ollaboration and information-sharing transition

velopment of the information interface with imeline is shown in Figure 19-7.
the user on the functions people perform aniéiformation-sharing capabilities will be imple-
how and when they will be performed mented during the following time frames:

» Define the information architecture in termse Near term: Local information services will in-
that include the user’s task-related informa- clude information directory/repository, deci-
tion requirements and the human component sion support/data alerts, data management, se-
of relevant organizational modeling curity, system interface/information sharing,

. o and data archive. Evolutionary steps will be:
» Determine the acceptance criteria for the data

structure and standardization using factors — Provide internal FAA facility information
that include human performance measures _ pyoyide flight data to NAS users (including

(e.g., for the end-product’s utility and usabil- DOD) external to the FAA facility

ty) — Provide data access (search and query and
+ Devise information architecture suitability publish and subscribe) capability to NAS

and effectiveness measures that relate to oper-  users (including DOD) external to the FAA

ators’ and maintainers’ time- and event-de- facility

rived tasks — Develop coordinated interfaces among leg-
«  Optimize information architecture and imple- acy systems and for new and reengineered

mentation to clarify boundaries and proce- systems

dures for controller and ﬂlght crew roles and — Deve|0p NAS information services, in-

responsibilities in collaborative operations cluding data administration, data models,

and interactions standards, protocols, and common data

definitions

» Develop information architectures that pro-
mote the capability for air and ground dis- Mid term: Expand information-sharing capa-
plays to enhance common situational aware- bility to address other specific information-
ness among various users. sharing requirements
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ond 93] 99/ 00|01 02| 03] 04| 05| 06| 07| 08| 09] 10]11]12]13]14]15
NAS Modernization Phases Phase 1 Phase 2 Phase 3

Transition Steps Stepl | Step 2 | Step 3 | Step 4
Local Information Standards and Data to
Exchange Requirements /nternal Data External Data Seerch/Query
Information Sharing Users Capability by Users
NAS-Level Common Standards and Requirements Incremental NAS-Wide
Information Exchange Information Sharing Information Implementation

Figure 19-7. Collaboration and Information-Sharing Transition

Provide demand data, such as flight infori9.6 Costs

mation (flight object) and flight schedule st of the FAA costs for NAS collaboration and
information information sharing are covered in the interopera-
— Provide capacity data, such as radar surfiy Costs for each NAS system. Other costs are
maries, airport status, and airspace capagroWn in Figure 19-8. They include:

ity/status * Information modeling and standards develop-
ment

|_
<
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— Provide notices to airmen (NOTAMS) and
weather data, such as hazardous weathrer Standards management, validation, and con-
warnings formance testing

— Implement NAS information services,® NAS-wide engineering knqwledge reposit_ory
which includes standards, protocols, and development, implementation, and operations
common data definitions and maintenance

Specific NAS-wide data bases such as a cen-

tral adaptation data system.

* Far term: Provide information sharing for the
NAS operational concept

19.7 Watch Items

» Identify priorities for delivery of collabora-
— Plan and coordinate local and NAS-level tion information with users
common system infrastructure, which in-.
cludes:

— Manage overall NAS information

Establish policies for collaboration and infor-
mation sharing. These policies are for:

—NAS data administration services — Authorizing access to specific classes and

—NAS information technology services types of data for FAA and NAS users
— Allocating integration and interoperability

—NAS data modeling services responsibility among system developers,

— Maintain NAS information services, which including clear guidance for commercially
includes responding to changes in stan- available versus developmental tradeoffs
dards, protocols, and common data defini- — Accommodating ad hoc legacy systems for
tions as requirements evolve. system interoperability and information
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Figure 19-8. Estimated Collaboration and Information-Sharing Costs

exchange (e.g., operational data manage- used within the NAS to meet operational

ment system (ODMS), Systems Atlanta In- needs, but no requirements exist to access

formation Display System (SAIDS), spe- the data, or transition these needed capabil-

cial use airspace management system ities into developmental systems.

(SAMS), etc.). These systems are currently
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20 TRAFFIC FLOW MANAGEMENT

Air traffic management (ATM) encompasses trafPresently, sites with operational prototypes have
fic flow management (TFM) and air traffic con-experienced operational benefits.

tr(_)l (ATC) cgpabilities and is des_igned to mini.’The future TFM is based on the concept of opera-
mize air traffic delays and congesnon_vv_hne maXig o (CONOPS), which has the goals of in-
mizing oy(_arall NAS throughput, flexibility, and creased safety and improved traffic flow, and sup-
predictability. ports Free Flight concepts. This CONOPS relies
This section addresses the functionality and evon a substantial increase in data exchange and
lution of the national and local TFM componentgollaborative decisionmaking between NAS users
of the ATM architecture. The description of TFM(e.g., revenue carriers, business aircraft, general
functionality includes capabilities at the Air Traf-aviation, military, and international aviators) and
fic Control System Command Center (ATCSCCFAA service providers (e.g., air traffic control and
with some functionality distributed to traffic man-traffic flow management) and on development of
agement units (TMUs) at air route traffic controlmproved NAS flow analysis and prediction tools.

centers (ARTCCs), at high-activity terminal radal1’he FAA will provide NAS users with data on the
approach control (TRACON) facilities, and at the"status of NApS resources and conditions, while

highest-activity airport traffic control towers \as users will provide their daily operating

(ATCTS). To avoid duplication, only TFM func- goqqjes intent, and preferences to the FAA.

tionality is described in this section. For descripryic yata exchange is expected to improve the de-
tions of ATC functionality, see Section 21, E.ncisionmaking process for both FAA and NAS us-

?gu_tre; S(_actllgn ZS,SOC(f_anlczzncTi OffShOl’(é; i_ectnE?S. Collaboration will allow airline operators to
» lerminal, and section 24, Tower and Alfpofhaye a much stronger voice in decisions that af-

Surface. fect their fleet productivity rather than having
TFM is the strategic planning and management tfiose decisions imposed upon them. NAS users
air traffic demand to ensure smooth and efficientill be involved in collaborative decisionmaking
traffic flow through FAA-controlled airspace. Toin three ways: (1) providing real-time data to the
support this mission, traffic management speciaNAS, (2) when appropriate, actively participating
ists (TMSs) at the ATCSCC and traffic managen flow strategy development and selection, and
ment coordinators (TMCs) at local facilities(3) modifying their operations to meet the collab-
(ARTCCs, TRACONSs, and towers) use a combieratively determined flow initiatives.

nation of automation systems an_d_ procedureﬁAS flow analysis and prediction tools will sup-

known collectively as the_ T.FM decision SUppqlr_Fort the collaborative development, selection, and

systems (DSSs). I_\/!qdernlzmg_ the TFM DSSs i mplementation of changes in flow restrictions in

cludes new capabilities that will provide: the NAS. This will benefit both users and the

e More timely and precise data exchang&AA by ensuring that the NAS is operated effi-
between traffic managers and airline operaiently.

tions centers (AOCs ) .
( ) 20.1 TFM Architecture Evolution

ﬁnplementation of TFM services is limited by ex-

isting TFM technology, which includes hardware,

: %’perating systems, and various programming lan-
ty guages that have become obsolete and are unsup-

* More precise tools to analyze flow controlportable. To support current flow management ca-
data, performance, and decisionmaking. pabilities and planned enhancements, the TFM in-

These TFM DSS enhancements are expectedffgstrugture will be upgraded to an open client-
reduce industry operating costs by reducing fligtﬁerver infrastructure.

delays, providing more predictability, and givingThe envisioned TFM capability upgrades fall into
users operational control over their resourcethese functional areas:

|_
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 Enhanced analytical and display capabilitie
to facilitate FAA and industry collaboration in
response to temporarily reduced NAS capa
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» Data ExchangeAccess to more timely and mentation of new TFM capabilities. Central to the

accurate information infrastructure evolution is a reengineering effort
designed to provide an open-system, client-server
dnfrastructure and modernized software architec-
ture capable of supporting the increased func-
tional capabilities.

* Collaborative Decisionmaking: Improved
communications with users for operation
negotiations

* NAS Flow AnalysisMore automated tools to
evaluate NAS status. The key objective of capability improvements

Specifically, these upgrades are based on t il be incremental implementation of the high-

RTCA Free Flight Task Force 3 report (supple-eneﬁt TFM capabilities as soon as possible.
mented by Working Group 5 of RTCA Subcom.J FM software upgrades that are planned for the

mittee 169), the FAAs interagency research areriod between 1998 and 2015 are organized into

development plan, and the current CONOPS. THRU' Stéps. Five upgrades to the TFM infrastruc-
structured evolution of these capabilities is deure are also planned for these steps. The follow-

picted in Figure 20-1. The infrastructure to supNd Sections summarize the current system and the
port these new functions will be upgraded in Ypgrades in each functional area for each step.

parallel effort. ) )
_ 20.1.1 TFM Architecture Evolution—Step 1
The TFM architecture represents a phased aProg8)

proach to modernization. The approach will re-
place the current infrastructure (to include hardFMUs are located at the ATCSCC, all ARTCCs,

ware, operating systems, program languages, aadd high-activity TRACONs. Some high-activity
communication protocols using commercial offATCTs have a subset of TFM functionality. Lo-
the-shelf (COTS) data base management systegated near Washington, D.C., in Herndon, Va., the
(DBMS) and a geographic information systenrATCSCC is a national facility dedicated to sys-
(GIS)), improve current operating system functemwide domestic and international planning and
tionality, improve the efficiency of existing func-coordination. Once the sole location for traffic
tionality, and provide for the evolutionary imple-management activity in the NAS, the ATCSCC

Step 1 Step 2 Step 3 Step 4

1998 1999-2001 2002-2005 2006-2015

Complete
ETMS
Re-Engr

HW Sustain
and
Replace

Initial ETMS
Re-Engr

ETMS/ASD
HW Sustain
and Replace

Infrastructure

User-Prefs and
Flight Object
and Real Time
Restrictions

Arrival
Sequencing; AOC
Flight Planing;
and Initial NAS
Status

Historical
Info to Ops and
Enhanced NAS
Status

ASD Data to
Industry

Data Exchange

FP Eval and
Dynamic Data
for
Collaborative
Routing

Enhanced
Collaborative
Routing
(Wx, etc)

Enhanced
GDP and Initial
Collaborative
Routing for
Severe Wx

Enhanced
GDP
Prototype

Collaborative
Decisionmaking

Compliance
and Dynamic

NAS Analysis Compliance

) Perf and Sys Monitoring Density
NAS Flow Analysis Impacts and and Enhanced Monitoring; and
Auto Problem Sys Impact Enhanced Perf
Recognition Assessment Assessment

Figure 20-1. TFM Evolution
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has evolved into a network of facilities with these  assigned by a computer program at the ATC-
key responsibilities: SCC, sent to host computers at the en route
centers, and printed on flight strips. A proto-
type Ground Delay Program Enhancement
system is being evaluated at the ATCSCC and
« Coordinating with TMUs at local facilities to selected AOCs.

plan and implement restrictions as needed

e Monitoring air traffic and the status of air-
ports and airspace across the NAS

Ground Stop Program. This program stops
» Assessing NAS performance and working all departures selected by the ATCSCC to a
toward long-term improvements specific destination airport.

* Providing a central point of contact for NASe National Route Program (NRP). This pro-
users and TMCs. gram allows flight planners to request use of

The TMSs at the ATCSCC monitor traffic, specific routes in the NRP. Because the
weather, resource capacity, and equipment status requested routes span en route center bound-
across the NAS to develop a systemwide perspec- aries, the ATCSCC coordinates this program.
tive of NAS traffic flows and the implications ofe Managed Arrival Reservoir (MAR) Pro-
local situations (i.e., situations that affect the op- gram. For designated airports, this delay pro-
erations of a single en route center or a single ap- gram eliminates the routine use of miles-in-
proach control facility). TMSs are trained to work  trail restrictions on arrivals. The ATCSCC
toward systemwide efficiency without allegiance coordinates with local facilities to designate
to an individual en route center, approach control participating airports, and it monitors the
facility, or tower. actual use of airborne holding.

ARTCC and TRACON faC|I|ty TMCs genera”y 20111 Current |nfrastructure

manage traffic situations affecting their airSpaC%urrently the fundamental component of the

They coordinate with neighboring facilities . ; ,
through the ATCSCC as needed and report stat-IL]E Mmlnrf]t[agtru::trl:]reéi_mg ng}ﬁ;edrc%ﬁlc Min-t-
information to the ATCSCC. However, when traf29¢Me ystem ( )- provides a ne

fic situations have broad impacts or when the u MSs and TMCs to track and predict traffic

derlying cause is extreme or long-lasting, th
ATCSCC takes the lead in planning and coordin lows, analyze effects of ground Qelays or vyeather
tion delays, evaluate alternative routing strategies, and

plan flow patterns.

|_
<
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vork of processors and workstations used by

The ATCSCC develops flow management strat “TMS data management and processing is cen-

gies that are implemented through the Grou . .
. rally performed via the TFM hub. The hub is the
Delay and Ground Stop programs, which are OIrErocessing engine that drives ETMS, and data

signed to respond to current capacity limitation . :
due to adverse weather, runway closings, or oth%'}ov'ded by the TMUs are the basis for ETMS

causes. The ATCSCC also oversees the Natiorfﬁipcessmg' The hub establishes and maintains a

Route Program and monitors traffic at airports m—.gh.t data ba_lse of active and_proposed ﬂ'.ghts.
cluded in the Managed Arrival Reservoir pro—\;vll')tg(':?a tr}iigggfg t?;:;eiz ig%;ﬁgﬁgiﬁ;iﬁ'g;g
%\;a\llm. Brief descriptions of these programs fo'éubmitted by the ARTCCs and some TRACONS
' and flight service stations (FSSs). Weather data,
* Ground Delay Program (GDP). This pro- facility configuration, and facility status are main-
gram delays aircraft for a specific amount ofained in separate hub data bases. ETMS has three
time after their requested departure time imajor components:
order to achieve a desired arrival rate at a des- o
tination airport. Appropriate departure delay§ ﬁgﬁgﬁg}'gﬂ;l a;testhe ATCSCC that support
are calculated to avoid excessive airborne y
holding. Controlled departure clearance times Functions that centrally manage the ETMS

or estimated departure clearance times are wide area network (WAN) communications
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by processing and distributing messages to &diTMS extracts official scheduled data from the
sites Official Airline Guide (OAG) and combines the
data with data in the TFM hub. Data from these
that support AOCs, TMUs at local facilities>O ' CeS are u_sed to produce th? ASD. The GDPis
(ARTCCs, TRACONS, towers, and regionaned when air traffic d_emand is _expected to ex-
facilities), and other users ceed thg arrlval_ capacity at an airport for an ex-
' ' tended time period. This situation is prevented by
The current ETMS uses Apollo/Hewlett Packardielaying takeoffs of some of the aircraft destined
processors for TMU display functions, hub routfor that airport. GDPs use predictions of demand
ing and message processing, and ATCSCC funaad capacity to produce a schedule of departure
tions. ETMS uses a point-to-point, proprietargdelays.
communications system that features centralized ) ] ) ]
processing with a star topology to connect th'é version of ASD is aval_lable to_lndu.stry and pro-
various TFM sites. ETMS applications were de\_/ldgs a natlonal-lev_el aircraft situation Qata feed
veloped using Apollo processors and operatiflg industry, enhancing the FAA's and industry's
systems that are obsolete and no longer sugRllaborative decisionmaking.

ported. The ETMS hardware and operating sy§\ss implement cross-NAS traffic restrictions,
tems currently are being upgraded, and an effortdsgjitate coordination among domestic and inter-
underway to translate the applications software {4ional service providers, and interact with AOC
C language. This effort includes defining an apyijities and other NAS users. The ATCSCC mis-
plication interface to use the transmission contr@ly, is to balance air traffic demand with system
protocol/Internet protocol (TCP/IP) socket-basefynacity. It also uses the central altitude reserva-
interface and acquisition routers supporting thgyn function (CARF), the special use airspace
transition of communications to TCP/IP, Which(SUA) management system (SAMS), the
will be accomplished in Step 2. dynamic ocean tracking system plus (DOTS
20.1.1.2 Current Functionality Plus), and the high-altitude route system (HARS).

ETMS supports TMSs in assessing traffic demarfdARF manages military flight plans. SAMS pro-
by displaying, on a national scale, traffic locatioivides historical data of SUA usage by both mili-
and volume and predicting air traffic flow hourdary and civilian air traffic. DOTS Plus calculates
in advance. ETMS is a tool for dynamically anapreferred oceanic tracks based on current wind
lyzing projected flow into sectors and airportsgonditions and records the assignment of flights
enabling preventive action to ensure that core tracks. HARS provides routing for military air-
trolled areas are not overloaded. craft over the contiguous United States.

e Aircraft situation display (ASD) functions

ETMS provides these functions: 20.1.2 TFM Architecture Evolution—Step 2
« Traffic Display. By monitoring the ASD, (1999-2001)

TMCs can evaluate traffic flow, demand, anths part of Free Flight Phase 1 Core Capabilities
available capacity at the national, regional, jmited Deployment (FFP1 CCLD), AOCs and
and local levels. ATM personnel will use collaborative decision-

« Congestion Prediction.TMCs can anticipate making (CDM) capabilities to enhance flight
periods of congestion with the monitor alertplanning. The FAA will provide participating
which compares the expected number of aiROCs with aggregate demand lists, anticipated
craft at specific resources (e.g., airports andifport acceptance rates, arrival rates, and param-

sectors) against established thresholds. ~ eters for anticipated ground delays. In the two-
way exchange of information, AOCs will respond

* Arrival Analysis. When arrival demand at any, the FAA with flight cancellations and revised
airport is predicted to substantially exceed.haqules.

capacity for an extended period of time, the
TMSs at the ATCSCC can invoke a capabilityrhe FFP1 CCLD capabilities to be used for TFM
to develop a GDP. include:
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Enhanced ground delay progrartises two-
way data exchange between the FAA and
AOCs to facilitate better ground delay deci-

to facilitate ground delay decisions by the
FAA and efficient scheduling decisions by the
airlines. NAS users provide actual cancella-

sions tion and delay information to the FAA. The
FAA will provide aggregate demand lists,
anticipated airport acceptance rates, arrival
rates, and parameters for anticipated ground
delays. This updated current-day schedule
information will become the basis for
improved GDPs and more accurate monitor
and alert predictions, which will reduce

adverse schedule impacts on NAS users.

* NAS status informationProvides the NAS
operational status to AOCs to promote a
shared understanding of NAS traffic manage-
ment decisions

e Collaborative routing: employs electronic
chalkboards to share real-time traffic flow
information with users to discuss potential
routing alternatives around severe weather.

AOCs and the FAA will have the opportunity to”
access system performance, operational benefits,
and acceptability. With positive results, these
CDM capabilities will be fully developed, inte-
grated, and deployed to suitable locations.

Arrival Sequence Display, Increment Wil
display arrival traffic schedules in TRACON
TMUSs as soon as a flight is airborne. This ini-
tial increment will be directed at TRACONS
with a single dominant carrier.

* NAS Status, Increment Will provide air-
port-related NAS status information, which is
readily available from current systems and
sensors, to other FAA facilities and to NAS
users. Data for major airports are expected to
include current and planned airport configura-
tions, equipment status, arrival and departure
rates, and weather data.

20.1.2.1 Infrastructure Enhancements

During this period, infrastructure enhancements
will include TFM sustainment (hardware and op-
erating systems), year-2000 compliance, and hub
hardware replacement. This step replaces unsup-
portable software and hardware components. It is
a stopgap effort to pave the way for future open
system enhancements. Obsolete proprietary com-
munications will be replaced with new software
and hardware supporting TCP/IP. This is an es-
sential step that forms the foundation for the mi-
gration of TFM infrastructure and functionality to
an open systems environment. Installations of
ETMS at new locations (TRACONSs and ATCTS)
will continue (refer to Sections 21, En Route; 224
Oceanic and Offshore; and 23, Terminal). The
weather and radar processor (WARP) will become
the primary source of ARTCC and ATCSCC and long-range planning. This initial incre-
weather data and will interface with TFM deci- ment addresses information that is available
sion support systems (DSSs) that require weather in current systems or with minimal data entry.
support. ETMS will interface with the Standard

Terminal Automation Replacement Systent-0llaboration

(STARS) via a one-way interface. Collaboration enhancements planned for this step
include:

|_
<
o

AOC Flight Planning, Increment Will pro-
vide the ability to exchange additional flight
planning information with AOCs. This
includes sharing constraint information (e.qg.,
airport capacity), demand projections, and
user schedule updates.

Post-Flight NAS Analysis, Increment Will
provide historical information to service pro-
viders and users for post-operations analysis

20.1.2.2 Functional Enhancements

 GDP Enhancements, Increment Will pro-
vide flight schedule monitor (FSM) that eval-
uates users' responses to plans for GDPs. The
GDP improvements in Increment 1 to be
incorporated into the FSM include:

Data Exchange

Data exchange enhancements planned for this
step include:

« Enhanced Data Exchange for GDW®!/ill pro-
vide data exchange to support collaborative
decisionmaking between the FAA and AOCs

— Ration by schedulases the OAG schedule
and updates from users as the basis for the
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GDP. It ensures that airlines are not penal- assessment of schedule changes, flight can-
ized for exchanging real-time schedule up- cellations, and other operational modifica-
dates with the FAA. tions made by decisionmakers.

— Schedule compressiamproves the current 20.1.3 TFM Architecture Evolution—Step 3
substitution process to allow more flight§2002-2005)

into slots available due to cancellation,
thereby compressing the overall departurd0.1.3.1 Infrastructure Enhancements

schedule. Throughout the evolution of the TFM infrastruc-
« GDP Enhancements. Increment 2will ture, new installations of ETMS at various TMUs
include: ' and remote facilities will continue. The initial

ATCSCC local information services will be avail-

— Flight substitution simplificatiorllows us- able during this time period. The TFM network

ers to identify which flights are assigned tawill begin to be converted to be compatible with

which arrival slots. local information sharing and the NAS-wide in-

— Control by time of arrivagives users more formation network (see Section 19, NAS Infor-

control over scheduling their own aircraftmation ArchltectL_Jre and _Serwces for Collabora-
and managing delays en route. tion and Information Sharing).

« Collaborative Routing, Increment 1wil '€ reengineered TFM software will provide a
provide static data for use during periods df'°dern, open-system architecture that will ac-
capacity restrictions typically caused bfommoc_late system mam_tamablllt_y, expandabl!—
adverse weather. Several methods will bdY: and increased processing requirements. It will
explored that allow participants to interac'€Place custom code with a COTS data base man-
tively determine general rerouting of aircraf@dement system and other COTS products. It wil
around areas experiencing unexpected disruiSC Integrate DOTS Plus, SAMS, CARF, and
tions. ther new TFM capabilities, such as GDP en-

hancements.

NAS Analysis and Predictions By the end of Step 3, the flight data management

NAS analysis and predictions enhancements f@FDM) prototype will be implemented at the
this period will include: ATCSCC and interfaced to TMU workstations at

» Performance Assessment, Incremeniidtl selecteo_l ARTCCs f_or evalugtion puUrposes. A
establish and validate the metrics for measurrr-mctjerf?'Z?.OI systelm IS etssi.em'alft?hth?é';ﬂnily and
ing real-time NAS system performance fronﬁgﬁ;eﬁﬁ;ﬁi;mgnﬁ?ﬁ;:d'%glgw € une-

user and service provider perspectives. The '

performance assessment function recordggp.1.3.2 Functional Enhancements

stores, manages, and facilitates access to

NAS performance data. Data Exchange

« Automated Problem Recognition:Will Data_ exchange enhancements planned for this pe-
develop an early warning capability to recogf©d include:
nize and measure projected resource demand NAS Status, Increment ®Vill provide static
and inform service providers and users when and some dynamic information on current
capacity is projected to be exceeded. More and predicted restrictions and constraints,
accurate projections of resource bottlenecks including active SUAs, agreements between
can be predicted because the airlines provide facilities about crossing altitudes and speed,
timely information about current flights. miles-in-trail, resource capacities, system out-
. System Impact Assessment, Incremeill: ages, preferred routes, and weather conditions
help increase the understanding of system that could affect aviation.
changes by developing fast-time simulatiom Arrival Sequence Display, Increment \&fll
capability, thereby allowing more timely provide real-time schedule updates of depar-
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ture from the gate and airborne flight infor- and verify that users act in accordance with
mation, which will improve air carriers' plan- ~ ATM restrictions. Industry participants are
ning. This increment will extend the initial thus assured that they are not receiving any
capability to TRACONSs with two dominant unfair operational penalty for participating.

air carriers. * System Impact Assessment, IncremehYif:

* Post-Flight NAS Analysis Increment ®iill develop fast-time simulation capability,
provide historical information to service pro-  allowing immediate assessment (within5
viders and users for post-operations analysis minutes) of schedule changes, flight cancella-
and long-range planning. tions, and other operational modifications by

service providers (based on expanded flight

information). This provides decisionmakers
with a better understanding of the impacts of
specific actions.

e AOC Flight Planning Increment 2Nill pro-
vide the ability to use additional flight plan-
ning information within FAA automation sys-
tems.

«  Two-way ETMS-STARS interfat#ill enable 20.1.4 TFM Architecture Evolution—Step 4
the display of ETMS data on terminal and2006-2015)

tower controller workstations. 20.1.4.1 Infrastructure Enhancements

Collaboration Infrastructure enhancements to the hardware and
Collaboration enhancements planned for this pgoftware will provide a COTS geographic infor-
riod include: mation system, which will replace custom soft-

ware. This will enable external queries in support

i ) f flight objects and provide the interface to FDM

K{X;’de dynamic data for use by the FAA an ystems, local TFM functionality, and integrated

USErs. arrival and departure schedules. Additionally,

* Flight Plan Evaluation:Will allow users to new ETMS installations at various TMUs and re-
send a flight plan to the FAA to evaluate thenote facilities will be completed.

route, altitude, and time of flight to determine]-he hardware and software will be fully compli-

\ll\lvgzthertth?_ planﬁd route W'”. wol;atedla;my nt with the expanded information contained in
restrictions. The user receives feeabacy,q flight object. This will support distributed

and can request the service provider to file the . |- . S .
! gement of flight planning information, ac-
flight plan at both the ATCSCC and th_etive flight information, and archived information,

appropriate  ARTCC. This feedback is ] o : - ’
expected to include information about systerLJnCIUdmg post-flight analysis. The TEM infra

traint d opti I Ny ajructure and applications will be fully integrated
constrainis and options as Well as operationgliy, he NAS-wide information network.
rationale governing the acceptance, modifica-

tion, or rejection of a flight plan at the time it20.1.4.2 Functional Enhancements

Is filed. The flight-object structure will be in place, and
« Collaborative Routing, Increment 3wWill AOCs and other users will begin to use 4-dimen-

address severe weather avoidance areas wdlonal (longitudinal, lateral, vertical, and time)

suggested reroutes during periods of capacitsgjectory information. The information captured

* Collaborative Routing, Increment 2wWill

|_
<
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restrictions. will be closer to real-time than in the past. Tools
_ o will be updated to take advantage of the addi-
NAS Analysis and Predictions tional information in the flight object, such as
NAS analysis and predictions enhancements fgate preferences (see Section 19, NAS Informa-
this period include: tion Architecture and Services for Collaboration

. Compliance Monitor, Increment Will eval- and Information Sharing, for additional informa-

uate and monitor NAS user compliance Witr]iIon about the flight object).
collaboratively determined TFM solutions.Four-dimensional trajectories will be used in
This capability will allow TMSs to monitor planning functions for the first time during this
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period. Negotiation of a proposed flight path willNAS Analysis and Predictions

take into account NAS airspace status, and theA

flight object will be filed and updated as changes
occur during the flight. This two-way data ex-
change will enable improvements to both the tae-
tical and strategic DSSs to sequence aircraft to
runways closest to the airline assigned gate and
allow airlines to more effectively minimize their
terminal turnaround time for aircraft.

Information available to service providers (e.qg.,
TMSs and TMCs) will be greatly enhanced: NAS
users and service providers can query the flight
object and receive the status of any flight in the
NAS. Simulation tools will allow NAS TMSs to
anticipate and react more efficiently to dynamic
changes in the NAS. Flight planning activity will
be enhanced with more real-time data about the
NAS and active and planned flights.

Traffic flow managers and controllers will have
access to the same decision tools and flight ob-
jects. These tools, with adjustments to the look-
ahead time, will become density tools for assess-
ing the ripple affect of airspace changes. Modified
trajectories can be developed collaboratively with
AOCs, pilots, and other NAS users. The new trg-
jectories can then be distributed to flight decks
and downstream facilities. Traffic flow managers
will have access to common ATM workstations as
part of the TFM DSS.

Data Exchange

The data exchange enhancement for this peri
includes the Arrival Schedule Tool upgrade.

S Analysis and Predictions enhancements
planned for this period include:

Performance Assessment, Incrementall
expand the Increment 1 capability to establish
and validate the metrics for measuring real-
time NAS system performance from a user
and service provider perspective. The system
performance assessment records, stores, man-
ages, and facilitates access to NAS perfor-
mance data.

Compliance Monitor, Increment 2:Will
enhance the previous increment to accommo-
date new ATM collaboration information. It
will evaluate and monitor service provider
and NAS user compliance with collabora-
tively determined TFM solutions. This capa-
bility can be used by TMSs to monitor and
verify that users act in accordance with ATM
restrictions that may be imposed under the
Free Flight concept. Industry participants are
thus assured that they are not suffering any
unfair operational penalty for participating.

Dynamic Density Monitor:Will determine
how best to measure density, including an
enhanced monitor alert algorithm to measure
the current (not predictive) state of traffic
density.

20.2 Summary of Capabilities

%e NAS-wide information network is designed

to facilitate collaboration and information sharing
« Arrival Sequence Display, Increment &lill  between users and service providers. NAS users
provide data/information to the airlines suitWill be involved in collaborative decisionmaking
able for displaying arrival traffic schedulesby actively participating in flow strategy develop-
and real-time updates of flight plans and sugnent, when appropriate, and by modifying their
sequently to the flight object when imple-operations to meet air traffic flow initiatives. Col-
mented. laboration and information exchange will reduce
operational uncertainty, improve predictability,
and enhance the decisionmaking process by al-
|gwing user input into decisions that affect daily
operations. Daily system performance data will
be recorded to enable quantitative measurements
e Collaborative Routing, Increment 4Will concerning the effectiveness and efficiency of
take into account other status information oNAS operations from both the FAA and user per-
the NAS, such as equipment availabilityspectives. These capacity-related metrics will in-
SUA availability, when suggesting rerouteslude delays, predictability, flexibility, and acces-
due to severe weather avoidance. sibility.

Collaboration

The collaboration enhancement planned for th
period is:
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The collaborative process establishes the data ekanges, the NAS is updated in real time, and
change capability that will be used to implementommercial flights can be routed through it.
ration-by-schedule procedures. The procedures ] ] )
modify the GDP, using the airline schedule, as d&ight plan evaluation provides NAS users with
fined in the OAG as the baseline for allocating admmediate feedback about system constraints and
tual departures and predicting arrival times, rath@pPtions for_thelr P'anf‘e_d routes. This aIIov_vs_, users
than the individual flight estimate. The ATCScdC Make timely revisions before submitting a

consolidates the schedule information and trang'-ghtlalaq' Wi:jgnta: flight is atlrbct)rr]ne arl}dbopetr.a-
mits it with information on airport arrival capacity lonal factors dictate a reroute, the collaborative

constraints. flight planning process will allow real-time
changes, such as reroutes around severe weather

Control by time of arrival (CTA) provides users®" congest_ed airspac_e. The airport c_onfiguration
with more flexibility in operational planning. Status will include active runway, equipment out-
CTA uses arrival- rather that departure-based d89¢S: weather, bra_kmg action, a_nd visibility con-
cisionmaking procedures, giving users more co litions. It will also include operational data, such
trol over scheduling their own flights. Users will2S arrlval_and departure rates and types of ap-
be assigned arrival times at destination airporP§OaChes in use. The CDM process will also give

and will be able to determine their departure angbC's the opportunity to take part in deciding

en route schedules to meet their designated arri\\/%rllen equipment can be shut down for routine
times maintenance. See Figure 20-2 for a summary of

the capabilities evolution.

Military scheduling agencies will provide
real-time schedules for using SUA that allow su
ficient time for service providers and users to indsing complex automation systems to support hu-
corporate it into their planning. As a SUA's statusnan activity entails a common understanding of

f20.3 Human Factors

|_
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Arrival sequence display, user-supplied schedule updates and
departure plan, NAS status, constraint information, historical information

Real-time restrictions and constraints, user preferences; expanded flight plan

4-D trajectory planning (ground, runway, and air)

Initial Exch)
of Readily
Avall. Info,

Real-Time
Data Exch.

Data Exchange Add'l Data

Collaborative

Decisionmaking Enhance- Collaborative] - (Collaborative
ments Routing Interactive airborne refile, 4-D trajectories
Eg?r:/dgg/{ng?gl.cdg?;a Provide suggested reroutes for capacity restrictions and weather avoidance

FSM, schedule compression, ration-hy-schedule; visual collaboration; flight substitution
simplification, control by time of arrival, off-the-gate advisory; flight plan evaluation, initial collaborative rerouting

NAS Flow Initial Enhanced 5 ! .

| : ) ystem Simulation
Analysis Analysis Analysis Monitor Tools

Tools Tools

Impacts to anticipate and react more effectively to
dynamic changes; enhanced flight planning activity

Accommodates new ATM collaboration information to evaluate
and monitor compliance with collaboratively determined solutions

Enhanced performance assessment; enhanced system-level impact assessment; compliance monitor

Initial performance assessment; initial system-level impact assessment; improved monitor alert

Figure 20-2. TFM Capabilities Summary

1. Generally, the SUA must be clear of commercial flights 30 minutes prior to being restricted to military operations.
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intent of all the parties in the process. The collalties will enhance the process of predicting the
orative decisionmaking process (already starterhffic flow constraints, evaluating candidate solu-
with establishment of the airline operations centefons, and executing the plans. The tools in place
network (AOCNet) that provides informationwill be used by all the parties in the process and
from the ASD to industry) will enable a closemwill provide for rapid and purposeful information
coupling between AOCs and the FAA-projecteéxchange.

traffic forecasts. This collaborative development

approach ensures that both NAS users and servifg4 Transition

providers are an integral part of the design, devel-

opment, and implementation of TFM capabilitiesThe transition for implementing the enhance-
Improvements in throughput, workload, systenments to the TFM Infrastructure in the three TFM
confidence, and situational awareness will ensufenctional areas is presented in Figure 20-3. The
that the capability will meet or exceed perfortransition and the associated costs will be driven
mance expectations. by increasing demand for the information and an-

_ _ alytical tools necessary to implement TFM.
The NAS architecture’s increased level of effec-

tiveness and efficiency of communications beyg 5 costs

tween service providers, facilities, and multiple

users (including pilots and ground-based eléhe FAA estimates for research, engineering, and
ments, such as AOCs) will improve the level oflevelopment (R,E&D); facilities and equipment

collaboration between parties in the system. Th{E&E); and operations (OPS) life-cycle costs for

collaborative process involves more than just theFM from 1998 through 2015 are shown in con-

transmittal of data across networks; it includes &ant FY98 dollars in Figure 20-4.

coordinated understanding of the intents and mo-

tivations of the other parties. This communicasqg g \Watch Items

tion, collaboration, and negotiation will be sup-

ported by various DSS tools to facilitate a rapid\ppropriate information standards and informa-

resolution to TFM situations. Communicationtion security must be implemented to protect sen-
methods and the information shared between paitive and company proprietary data.

(oA 98| 99/100/01(02|03]04|05|06(07]/08 09|10 4
Modernization Phases Phase 1 Phase 2 Phase 3
Architecture Steps [Step]  Step 2 [ Step 3 [ Step 4
__vearz«]
TFM HW Sustain New ETMS COTS DBMS/Local Information Services
Hub H/W R
Infrastructure
SAMS .
CARE Re-Englnegred SwW
DOTST Integration
FDM Prototype FDM w/ Flight Object
GDP Prot Enhance GDP FFP1
|_—TAirival Seq Display (1— Arrival Seq Display (2) Arrival Seq. Display (3)
Information AOC Flight Planning (1) AOC Flight Planning (2)
NAS Status FFRPL NAS Status (SUAs) Additional Data Items Added Each Year
Exchange Post Flight Post Flight (2)
Collaborative Maintenance Plannin
Z Fliéht Ob'ecIPlanniné 4-D
GDP Enhan(L)—"_ GDP Enhancements (2)
CDM Collab. Routing (1) FFPl/WxQX/CoIIRomin Collaborative Routing, (4) Dynamic Data
FP Evaluation FP_Negotiation /F{Neqotiat‘n W/FO
Performance Assessment (1)~ Performance A 1t (2)
Automated Problem Recognition
NAS Analysis System Impact Assessment(1)_ System Impact Assessment (2)
and Predictions Compliance Monitor (D—_ Compliance Monitor (2)
Dynamic Density Monitor

Figure 20-3. TFM Transition
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1998 Constant Dollars

OR,E&D
OF&E
BOPS

| \X/\
1998 1999 2000 2001 2002 2003

Figure 20-4. Estimated TFM Costs

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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21 EN ROUTE

The En Route system is the core of informatioavolution provides user benefits as early as possi-
flow throughout the NAS. Air route traffic control ble in support of the operational concept and the
centers (ARTCCs) are critical information hubg$-ree Flight Phase 1 Core Capabilities Limited De-
for the NAS. Replacing the en route infrastructurployment (FFP1 CCLD) plans. FFP1 is discussed
is critical to sustaining NAS services, assuringn Section 6, Free Flight Phase 1, Safe Flight 21,
safety, and meeting user demand. The ability tnd Capstone.

sustain day-to-day NAS services takes prece-

dence over implementing new capabilities. How21.1 En Route Architecture Evolution

ever, at the same time that the hardware inffgyg o route architecture seeks to sustain existing

strugtur_e IS blelng replaced tobadc_iressf immedialgices while introducing new user services as
needs, It is also necessary to begin software reqegy as practical. The first area of focus is the de-

sign to resolve the fundamental limitations of th elopment of a stable hardware and systems soft-
existing software architecture to enable the mo&

s ded q ds f vare infrastructure with common operating sys-
ernization needed to support user demands for gdqg and system services. New air traffic control
ditional services.

(ATC) applications can then be put into place to
The Government/Industry Operational Concep€nhance present en route capabilities.
for the Evolution of Free Flightlefines the fuwre.lmplementation of the en route architecture has

operations and services for controlling aircraft INeen divided into four steps, beginning with the
the en route domain. The operational concept f(é— ’

; " urrent operational prototypes and display up-
cuses on an increased ability to accommoda; P b P piay up

) - Fades and ending with enhancement and integra-
user preferences using decision support tools f Dn of the en route systems and decision support

air traffic control (conflict detection, conflict res'tools. An overview of the sequence and relation-

olution, sequencing to t_ermlnal, and optimal de'hip of the en route functionality with respect to
scent patterns) and traffic flow management (coJ;

laborative decisi Ki NAS fl s he en route architecture is shown in Figure 21-1
avorative decisionmaxing, oW analySiSyg figure and the figures for the en route archi-
and data exchange).

tecture evolution steps show the initial operating
In support of this, the en route architecture fegapability (IOC) functionality. Before this deploy-
tures revised flight data management (FDM)nent, extensive engineering development and in-
continuous access to expanded flight informatioiggration is essential and must be funded to re-
(e.g., position, velocity, intended trajectory, prefduce the facilities and equipment (F&E) produc-
erences, etc.), improved decision support toolpn procurement risks.

and improved surveillance processing with mor$
accurate position, velocity, intent, and wind infor-
mation. New procedures will be developed to takg
advantage of the new operational capabilitieg.]

The operational concept emphasizes that theNgoftware running on the HOSCR platform is

will evolve to accommodate a flexible airspac ssentially the same software architecture that
structure, including dynamic airspace bounda;% y

restrictions and dynamic sectors. The en route as implemented in the early 1970s. The first

chitecture provides a basis for achieving the fun%E?agfgéEEIFSSE)C%ESS';%r:?ep?és\‘/?é?zgsﬁsei?q
tionality defined in the operational concept. generation weather radar (NEXRAD) weather

The en route architecture is driven by the neadata to en route controllers, the prototyping ef-
term need to sustain and then replace the en rofaets of center terminal radar approach control
automation hardware systems (e.g., host compu(@RACON) automation system/Traffic Manage-
system (Host), peripheral adapter module replacment Advisor (CTAS/TMA), user request evalua-
ment item (PAMRI), and enhanced direct acces®mn tool (URET), and the host interface device/
radar channel (DARC)). The en route architectundAS local area network (HID/NAS LAN).

|_
<
o

he first step includes replacing the Host hard-
are with Host/oceanic computer system replace-
ent (HOCSR) to solve the end-of-service-life

oblems. It is important to note that currently, the
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Step 1 ('99)
Current and Y2K
En Route Systems

Step 2 ('00-'04)
Core Capabilities

En Route Free Flight

Common
En Route

Step 3 ('05-'07)
Reengineered
En Route Systems

Common
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Step 4 ('08 -'13)
Enhanced En Route/
Oceanic Systems

Common
En Route

Infrastructure

Infrastructure
(External

Infrastructure
(Full External
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Engineering
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Radars ADS-B

Host
(Initial Software
Reengineering)

Enhanced
En Route/
Oceanic:
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En Route/

En Route Comm * Flight Object

En Route Comm Proce.ssing
Gateway Gateway + Surveillance
Processing

* ATC DSS

En Route En Route * TFM DSS

» Redundant

Backup Capability

(B2)

Backup
(B1)

Initial
URET Conflict
Prototype Probe (FSD)

TMA (CTAS)
Prototype

DoR ARTCC
(Future Workstat
Capabilities ) orkstation

CPDLC Build 1
and Build 1A

Common
Data Link

To introduce early functionality, en route capabiliarchitecture during the software reengineering in
ties will be expanded in the early stages with ne@teps 2 and 3. The integration will factor in
applications executing on processors external lessons learned from the prototype imple-
the Host/HOCSR—the first two of which will be mentations in FFP1 activites and the efforts
the user request evaluation tool core capabilityecessary to make these products suitable for
limited deployment (URET CCLD) (evolved national deployment. URET CCLD implemen-

from the URET prototype) and TMA Single Centation in FFP1 provides basic conflict probe capa-
ter (SC) (evolved from the CTAS/TMA proto-pijlities to the en route center data-side (D-side)

type). controllers and will provide the capability for air

In the second step, the en route FFP1 CccCLiaffic controllers to accurately predict aircraft
capabilities, (i.e., URET CCLD, TMA SC), alongtrajectories 20 minutes ahead and identify poten-
with controller-pilot data link communicationstial conflicts. Initially, conflict probe will be im-
(CPDLC) Builds 1 and 1A will be provided atplemented on a Host outboard processor at se-
selected ARTCCs. These functions aréected domestic ARTCCs and will subsequently
implemented on external processors and will bee integrated into the coordinated ATC decision
integrated into the core en route softwargupport system (DSS) tool set. TMA will acquire

Figure 21-1. En Route Architecture Evolution

1. D-side controllers assist radar-side (R-side) controllers.
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flight and track data from HOCSR and calculatte made available nationwide. Prior to
schedules for arriving aircraft and send them toationwide implementation, users and service
specific TRACONSs with meter lists routed to erproviders will have the opportunity to assess
route controller workstations. system performance, operational benefits and

Also in the second step, DARC and PAMRI mus?cceptability, and safety before further deploy-

be replaced due to their anticipated end of servi ent. Introglgctlpn of data link services V\_””
life. These replacements, along with HOCS volve modifications to software and will require

technology refresh, will provide platforms to bet e addition of an outboard data link applications

used until the enhanced en route architecture isPh2¢€550" (DLAP).

place. At this time, the Host software reengineeBuring the third step, en route systems will be up-
ing effort will also begin with surveillance pro-graded to accept automatic dependent surveil-
cessing modifications to take advantage of imance (ADS) reports in addition to all of the exist-
proved accuracy and additional information availing sensor inputs. The position of aircraft in non-
able from existing sensors and avionics. Addiradar areas will be available to air traffic service
tional modifications to integrate oceanic and eproviders through processed ADS reports. This
route requirements will eventually lead to comhigher level of accuracy in aircraft position and
mon en route/oceanic processing. The reendhe downlinking of additional aircraft state data,
neered Host, the replaced DARC, and the resuch as velocity and intent, will permit enhancing
placed PAMRI (En Route Communications Gatedecision support tools to increase system capacity
way) will enable radar inputs from additional terand user-preferred route availability.

minal radar sources, which can provide addition

, @tep 3 will deliver aeronautical telecommunica-
surveillance coverage.

tion network (ATN)-compliant CPDLC services.
The evolution to the en route infrastructure beginst each stage, these data link capabilities will be
with the DSR LAN and HID/NAS LAN and merged with new and existing ATC automation
eventually results in a communications structureapabilities to take full advantage of the improved
(i.e., the common en route infrastructure) througtimeliness, reliability, and efficiency that data link
which all new en route functions will interface.services will bring to the ATC system. Eventually,
Flight information will eventually be available tothe en route and oceanic data link communica-
all service providers and NAS users using infortions and application software will be integrated
mation services and the en route infrastructurgto a common system.
Igri?ﬁor:nwirtrr?e}tagnofgacgiin%:rr:ien g’llcigwgr'”ag%\s an expansion of the FFP1 tools, the reengi-
support facilities as describ,ed in Sec:[ion 19, NA%eered en route system in Step 3 will contain an
Information Architecture and Services for Cc’)llab-l. tegrated version (.)f conflict probe.(CP) and mul-
ticenter metering with descent advisor. Part of the
engineering analysis in Step 3 will be the flight
Concurrent with the en route functional evolutiomlata management test bed designed to prove the
is implementation of an improved infrastructuregoncept of a universal format for flight objects
which is a combination of data standards, intewithin en route, oceanic, and terminal domains.
face protocols, and a complementary suite of uti

oration and Information Sharing.

. ) oo . 'h the fourth step of the en route architecture evo-
ity support for accessing/storing information, Plution, the existing functionalities that are pro-

erating system interfacing, and translating bg/-. R ;
: .vVided by multiple systems will be replaced by an
tween new and old data/interface formats. The "ihtegrated en route/oceanic system developed in

frastructure and services form the connectivit : :
basis for the addition of new en route functional¥he previous two steps. The new concept of flight

S data management uses flight objects identified in
XyR'll'nCt:% t(;ftaARTCC and for external access t?he operational concept and provides electronic

flight information for display to controllers. The
Initial data link service will be introduced at oneARTCC ATC DSS tool set is the collection, en-
key site. Initial operational CPDLC service forhancement, and integration of conflict alert, con-
non-time-critical applications will subsequentlyformance monitoring, conflict probe, and conflict
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resolution tools, which will be implemented andrhe Host is currently part of the primary channel
then enhanced. ATC equipment used in the 20 domestic centers.

The ARTCC ATC DSS functions support aircraft! provilijes radda;rdarl]ta dprocessing (.RDP) fo_r cenfter
separation from other aircraft, hazardous weath ,ntro €rs an | '9 (;[ ata process”mg Services for
terrain obstructions, and restricted airspace. TIfENEN terminal, and tower controllers.
combination of improved surveillance intent in- . .
formation, the tools in ARTCC ATC DSS, and theDAR.C s a baCKUp system that displays radar data
; o . . .__and limited flight data to controllers when the pri-
flight object in FDM will permit accommodation ;
. . s mary system is down. DARC supports two modes
of user-preferred trajectories. Additionally, the o
- . . of operation: NAS/DARC mode and DARC-only
ability to dynamically modify sector and center :
. ; ) mode. In NAS/DARC mode, the Host is fully op-
boundaries will be included to help balance con- _ . . ) .
troller workload erational _and provides the DARC with an inter-
_ C face to flight data. In DARC-only mode, flight
The following sections present the en route architata previously received from the Host cannot be
tecture evolution in more detail. Architecture diaupdated, so the currentness of flight data degrades
grams (Figures 21-2 through 21-5) show the corapidly.
tent of each step in a logical or functional repre-

sentation without any intention of implying aThe Host flight data processor (FDP) defines the

physical design or solution. airspace boundaries and processes flight plans for
) i aircraft that pass through each area, ensuring that

21.1.1 En Route Architecture Evolution— proper routings are applied. FDP also prepares

Step 1 (Current-1999) paper flight strips for the appropriate sector, ter-

In Step 1, the DSR program replaces the displayinal, and tower as the basis for coordination
channel complex replacements (DCCRs), conamong adjacent NAS facilities. Flight strips are
puter display channels (CDCs), and plan viewsed to record information provided to an aircraft
displays (PVDs). The HID/NAS LAN is also in- and for coordination activities.

troduced (see Figure 21-2). Implementation of

HID/NAS LAN forms a basis for adding newPAMRI is an interface peripheral to the Host, pro-
functionality and outboard processing (such adding the conduit through which the Host re-
CP, TMA, and data link processing), allowingceives and exchanges data, primarily radar data
early delivery of new capabilities. and interfacility flight plan data.

NEXRAD
Infrastructure Improvements

+ HOCSR Hardware with Host Software

1 1
1
i+ WARP ! :
|+ DR i — WMSCR | '
!+ HIDINAS LAN !
! ' (Wx & NOTAMs) —‘E —
(CTAS)
. 1 Prototype
Functional Enhancements P !
1
i URET
+ URET Prototype (conflict probe) A _ _HIDINAS LAN_ _“—
« TMA (CTAS) Prototype (aircraft volume and /TAI;/E]C—ON M i 'E (prototype)
mix, metering list) S I
+  WARP Weather to TMU Sensors R v Host !
+  Color Displays — LV
CTASIpFAST. [ i (HOCSR) ! R et s
(Terminal Prototype) fmmmmmmmm- 15! bSR ]
B 1R :
Legend DARC 1

Functional
Enhancements

CurrentEnhanced
Systems

Planned
Functionality

| | I mmm—pe=———- 1
L e +— G ;
[ ARTCC |

Figure 21-2. En Route Architecture Evolution—Step 1 (Current1999)
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The Host will be replaced in this step with a newoints into the terminal area. CTAS/TMA pro-

platform, HOCSR, which uses the current applivides miles-in-trail scheduling, time-based sched-
cation code with minimal modifications. Similaruling, and meter lists to controllers to ensure
hardware replacement with HOCSR will be madproper aircraft separation while increasing termi-
for the oceanic display and planning systemal capacity. This TMA function is a preproduc-

(ODAPS) (see Section 22, Oceanic and Offion prototype installed at five high-capacity air-

shore). This hardware replacement will solve thports and associated ARTCCs.

Host supportability problems. _ . .
HID/NAS LAN is a transitional infrastructure en-

At the Indianapolis ARTCC, a URET prototype ishancement that will allow outboard processors for
currently being evaluated for its ability to assishew applications to access the Host for data while
en route controllers in tactical planning to avoieninimizing use of the Host processor capacity to
potential downstream conflicts. A second URETun the applications.

rototype was installed in Memphis in 1997 to
p yP P SR provides color displays and will be delivered

test conflict probes across center boundarie@._

Aided by forecast winds information, URET ex With new display interfaces to the Host/HOCSR.

tracts real-time flight plan and tracking data fronfsY the end of this period, DSR will display im-
the Host, builds flight trajectories for all flightsProved weather data from NEXRAD, which is

within or inbound to the center, and continuouslfrocessed by the weather and radar processor
checks for conflicts up to 20 minutes into the fu WARP).

ture. As the field trials progress, URET functionparc, and PAMRI systems have reached the end
ality is being displayed for use by the D-side conysf thejr service lives. Sustainment and replace-
troller. In subsequent steps, the URET CCLDhent issues are discussed in the next step.

FFP1 tool and full-scale development of CP will

evolve from the URET prototype and the lessons1.1.2 En Route Architecture Evolution—
learned in these field trials (see Steps 2 and 3). Step 2 (2000-2004)

The en route portion of the CTAS program inin Step 2, PAMRI, and DARC functions will be
cludes a TMA tool for traffic managers and consustained via replacement with modern platforms
trollers in en route centers. This tool displays thihat can accommodate subsequent additions an
volume and mix of aircraft destined for the entrynodifications (see Figure 21-3).

NEXRAD
Infrastructure Improvements P . \
1
I« Host (HOCSR) Tech Refresh ! Service Coordination ! ARTCC J e
|+ Common En Route Infrastructure - Expanded LAN : in a central facility f Local Services ] 0 Wx
|+ DSR Tech Refresh ] e m WARP
0w ! o
N En Route Comm Gateway (PAMRI functionality sustained) ! VDL-2 1 CPDLC Build 1} 4
1+ EnRoute Backup (DARC functionality sustained) | « (FFPL) 2
e ! —— TMA (CTAS)
TR - (FFP1)
] Host i I
Functional Enhancements v (HOCSR) vt
\ (initial reengineering) , €
« CPDLC Build 1 [FFP1] arct | s 127 I
+  Hostinitial reengineered packages TRACON :ComEmnuﬁ?get\;ons: f URET
ist i B r FFPL
+ Process data from existing terminal radars for ASRs 1 Gateway a
improved coverage ARSRs T I H
+  DSR support for FFP1 tools ATCBI ' EnRoute ' F  emmmmmmm o
« URET CCLD FFP1 (Conflict Probe) Mode-S | Backup 1 & | )
* NEXRAD WeatheronDSR [ | Nmmmmmemmd il DER
+ CPDLC Build 1 via VDL-2 [FFP1] H S 1
+ TMA (CTAS) [FFP1] Legend 1 @ €
+ Local Data Sharing/Services ) .r: s WMSCR FDIO
Ennancements Wx & NOTAMSs
D (S);;{:rr:gEnhanced [ ARTCC I
C ] Ay

Figure 21-3. En Route Architecture Evolution—Step 2 (2000-2004)
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Due to age and design characteristics, these cur-the En Route Communications Gateway and
rent en route automation systems are limited HOCSR will be reengineered to accept and pro-
capacity and capability. They are also becomingess surveillance data from selected terminal ra-
unsupportable and limit operational flexibilitydars. Additionally, these terminal sensors and
within en route centers. The systems must be nerany of the existing en route sensors can dissem-
placed with new systems that will support botlinate more accurate aircraft positional data to the
current and future functionality and that can meetutomation system, as well as other valuable in-
long-term availability, expandability, and effi- formation that is presently not being utilized. This
ciency requirements. step will begin the process of redesigning the sur-

PAMRI will be replaced with the En Route Cc)m_veillance processing and other automation appli-

munications Gateway. It will be used in Steps Eations to make the best possible use of these sen-

and 3 and will possibly be replaced for the erEor data. In this time frame, the complement of

hanced en route/oceanic system described TrocOn SENsors that will exist includes the
Step 4. DARC will be replacyed with a diversgnonopulse ATC radar beacon system (ATCRBS)
(with respect to HOCSR) backup system, Whicﬁnd Mode-S with ground-initiated downlink com-

will be used until Step 4, when a redundant cap wunications. It is anticipated that the addition of
bility will be incorporated in the enhanced er{'D> COverage to this sensor mix will be accom-
route/oceanic system. plished in the next step. All terminal sensors will

continue to have co-located primary radar surveil-
URET CCLD is a limited deployment version oflance.

the functionality demonstrated in the URET pro-

totypes and provides conflict probe core functionghe initial CPDLC Build 1 service for a limited
to selected sites identified for FFP1 CCLD capanessage set, including transfer of communica-
bilities. URET CCLD will use the DSR displaystions (frequency change instruction), will be pro-
rather than outboard displays as in the prototypeded at one key site early in this step. CPDLC
implementations. During Step 3, CP will underg®uild 1 is the first step toward achieving full
development and be deployed at all 20 domesti€PDLC services. CPDLC will require software
centers. Conflict probe functions will interfacechanges to the Host and DSR and the addition of
with HOCSR via HID/NAS LAN until its evolu- an outboard DLAP. Users and service providers
tion to the common en route infrastructure. will have the opportunity to assess system perfor-
mance, operational benefits and acceptability, and

The single center TMA tool will be implemented fety before further development. If results are
at selected sites for FFP1 CCLD, based on tﬁg Y p )

TMA prototype described in Step 1. In future enposfitive,_ the CPDLC tool will b? .“F’”V deployed
hancements, TMA will include an improved de_natlonW|de. Subsequently, the initial set of non-
' ime-critical CPDLC service will be expanded

scent advisory algorithm and time-based sched uild 1A). These services will use more of the

ing, and a multicenter TMA will be Implememedgternational Civil Aviation Organization (ICAO)

in Step 3. Frequently, arrival streams to an airpo :
have to be created, not only in a single en rou PDLC message set. S_u_bse_quent CPDLC builds
ill require further modifications to Host soft-

center, but as a coordinated process with an ad
cent en route center. By using aircraft track infor- are, DSR, and DLAP.

mation across center boundaries, the trajectory . a g ground system infrastructure neces-

ione e e s Sy 253 10 Support hese capabllis il nclue
fival Iroates P P 98| APs located at each _ARTCC_ to support en
' route and oceanic data link services and at each

Reengineering tasks will be performed to accomFRACON to support terminal and tower data link
modate additional surveillance and communicaervices. Each DLAP will contain the communi-
tion sources and to initiate commonality with theation protocols and applications required. Ini-
oceanic domain. The HOCSR platform will prodially, DLAPs will connect to communications
vide the basis for developing common en routekrvice provider networks and later to FAA-pro-
oceanic processing. The surveillance processingled networks.
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The common en route infrastructure requires stamare, and systems software and related air traffic
dards and specifications and protocols to be fotontrol decision support software algorithms.
lowed. The en route infrastructure will evolve in _

parallel with the infrastructure evolution of theT0 achieve the en route performance goals, all
other FAA domains (terminal, oceanic, towerSensor data (e.g., data from primary radars, bea-
flight service) and the Air Traffic Control SystemCOn interrogators, and dependent surveillance)
Command Center. This first increment of localVill P& used to the maximum. Using the Mode-S

services and the associated infrastructure enal‘é}l‘é}’vn“ng tchap?bt'“ty c];cc)ir' addetIOI’][a| altr_crréft Staée ¢
all intrafacility systems to share information Withsﬁr\?e?llnancee b?ozr dias':n?A% Saté)o nc}Zt: w(ielfebnotﬁn
each other and, in future steps, to provide th

€ . o
means by which each facility shares data witljhProve coverage and add to aircraft positional
other FAA facilities and NAS users. To achiev

accuracy. These sensor data will include real-time
this, the services and infrastructure will includ

Snformation on aircraft velocity (airspeed, head-
o L ?ng, windspeed, direction), acceleration (bank an-
standards and a set of utilities for communicatio
data storage and retrieval, data monitoring,

@Ie, climb rate), and intent (assigned altitude, in-

! _ ing, afdnded waypoints). A key surveillance processing
recording. During Step 2, platform security williynovement will be the ability of sensors to dis-
be implemented for en route computers, and th@minate and automation systems to accept sur-
HID/NAS LAN gateways will be augmented toyeijllance reports in the common surveillance

control access from remote systems. message format. The All Purpose Structured
EUROCONTROL Radar Information Exchange

21.1.3 En Route Architecture Evolution— (ASTERIX) will provide the common

Step 3 (2005-2007) surveillance message (described in Section 16,

. . _ . Surveillance).
Reengineering surveillance processing and deci-

sion support algorithms initiated in the previouSurveillance data processing (SDP) was
step will continue on a larger scale. Step 3 (sefeveloped to perform surveillance data fusion and
Figure 21-4) involves introducing new surveil-reengineering of the decision support tools, which
lance inputs, modifications to the en route conbegan in Step 2, and will be deployed to make
munications gateway and related computer hardzaximum use of the additional data, accuracy,

|_
<
o
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! interface) | S S ! t
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*  Prioritized Messaging N4 @ . k g
+ Initial NAS-Wide Information Sharing :
+  DLAP Supports Oceanic Data Link Communications ARTCC to Oceanic Infrastructure

Figure 21-4. En Route Architecture Evolutionr-Reengineered En Route—Step 3 (2062007)

JANUARY 1999 BN RoOuTE — 21-7



NATIONAL AIRSPACE SYSTEM

and update rates. These enhancements will perr@iitover to the next-generation air-ground com-
increased traffic flow and allow more usemunications system (NEXCOM) very high fre-
preferred routes while enhancing safety. guency digital link (VDL) Mode-3 voice opera-

Integrating the new data will require reen ineert—ion 's planned to take place in the high- and super
9 9 q 9 high-altitude en route sectors.

ing the en route communications gateway, the

Host software, and related decision support alggthe CPDLC message set will be expanded to ap-
rithms. This is an evolutionary step leading to thgroximately 100 messages (Build 2). DSR modi-
en route architecture described in Step 4. fications will enable the en route system to dis-

Developing and implementing a prototype rp\Play CPDLC information and new ADS-B data.

at selected sites is a risk-reduction strategy to vef: - e
ify use of flight objects and the display of addSMth development of the initial NAS-wide infor

tional data for ATC and user collaboration. Thi mation network and common data services, appl-

EDM bprototvpe will be introduced into the en%ations will be able to send and receive en route
route F’Zermir){gl and oceanic domains. and it Wi. formation through local information exchange.
’ X ; htis capability includes connectivity between

be te_sted n shac_iow mode as an engineering tﬁiA facilities as well as with NAS users through
bed, in parallel with the operational FDP. information sharing

TMA SC will be expanded to include traffic man-
agement advisory capabilities across multiple e?l.1.4 En Route Architecture Evolution—
route centers (TMA Multicenter (MC)). This Step 4 (2008-2015)

TMA expansion will also include improved de-

scent advisory (DA) functionality by generatin n this stehp, :jhe en rméte sfé[/stems tevotlve to‘.’\tﬁrt?] a
arrival clearance advisories as well as metering 10N hardware and software structure wi €

lists for TRACONSS. eanic systems, although some applications may

remain unique in each domain. The enhanced en
The URET CCLD FFP1 tool from Step 2 will beroute architecture (see Figure 21-5) implements
enhanced and deployed nationwide as CP. TheSBM and advanced ARTCC ATC DSS tools. The
enhancements will include improved computermeed for a standard interface with NAS users
human interface (CHI), integration into the radadrives implementation of the domain infrastruc-
position (R-side), and other improvements. tures and the local and NAS services.

+ATCT
+ TRACON
Infrastructure Improvements Legend *+ATCSCC
. ': Infrastructure +AOCs
I+ Enhanced En Route System ] -2z, mprovements
1+ Oceanic Integration H Ennancements e
| * Workstation Enhancements H I:I CurrentEnhanced 0
'« Infrastructure Enhancements (external ! slym": N e M "TTARTCC )
I access) i () Py A | ARTCC ! 8 | Weather !
1 » NAS-Wide Information Network ! S ta--]---4 E tNAS ﬁ“te’r'fes : N1 Processing |
s e : i e R
1 R e oy
|+ DLAP Replacement ' | "+ ARTCC )}
1+ TFMDSS ' d R 1 ATCDSS 1
1+ Maintenance Monitoring and Status Reporting | e e -A-R-T(-Z(; - '\I o ! (CA,CM, CR, !
! | ! g \ u | CP,MSAW),
| ! DataLink il e
N 1 Control &Appl/l e R
o Erhaneamanie RS N R S , Integrated 1
Functional Enhancements F I TFMDss !
+Wx Sensors O | | rmmmmmmmmme .f U (oss)
«  Flight Object Processing and Integration with A/C + DLINEXCOM | Enhanced En Route / v
« Integrated En Route ATC DSS Applications *ARSRs— | N ! Oceanic System o 2 " TTARTCC T )
«  Enhanced Controller Information +ASRs E 1 *Surveillance Data lieesssiive gy WS I
+  External Data Queries +ADS-B T ‘" '_F_"‘._Jh_‘ DERWEIEEET ) r (SR Upgrades);
« Additional Data Link Applications +ATCBI -6 w o \_(ATC,DSS)
* Integrated TFM DSS Applications o] " L it
R @ u | ARTCC
K e ! Maint. Monitor '
! Processing
N I v rrosessig '
| ARTCC
(Backup via full service redundancy;
also emergency backup)

Figure 21-5. En Route Architecture Evolutior-Enhanced En Route—Step 4 (2062015)
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Surveillance processing will receive input fronFull ATN-compliant CPDLC services (Build 3),
available sensors (e.g., primary radars, beacon ineluding air-ground automation data exchange,
terrogators, dependent surveillance), determimell be delivered via NEXCOM. Introducing data
the position to be used for aircraft covered bink services will require modifications to the
multiple sensors, and provide the data (positiofjost software, DSR, and DLAP. Data link via
velocity, intent, etc.) for display and use by otheWEXCOM will provide time-critical data commu-
DSS applications. nications for ATC and will support collaborative

The replacement of FDP by FDM is driven by th I;gnl_lgg .TIUCh as usler—preferrer? traje_ctorlefs.
operational concept approach of creating a fligh will support selective authentication o
object that increases the information within théafety—cntlcal messages.

flight plan and facilitates sharing of this informa-Modifications to the content of and interfaces to
tion across domain boundaries with all authorizecbntroller displays will be required to accommo-
NAS users. In addition to expanding FDP funceate the new integrated capabilities and flight ob-
tions in ARTCCs, the new FDM supports collaboject data. The following ARTCC ATC decision
rative use at additional FAA and user facilitiessupport tools will be integrated onto common
The flight object contains all information about glatforms and the required reliability and accu-
flight (from the planning stage to the postflight arracy will be maintained or improved:

chiving and analysis stages). «  Conflict Alert

With FDM, flight plan processing and approval,
will be done nationally. Since the en route archi- _
tecture is a logical architecture, the physical in- Conflict Probe

plementation of FDM is not implied. FDM willbe . \veather processing interfaces to the air traffic
implemented in a manner to prevent bottlenecks -gntrol decision support system (ADSS)
and loss of capability should one or more facili-

ties be temporarily out of service. Each FAA ait  Conflict Resolution
traffic facility will be capable of operating auton-« Descent Advisor

omously if necessary. Alternate facilities will as-
sume FDM responsibilities in the event of an ouf
age. e Multicenter Metering.

Minimum Safe Altitude Warning

Conformance Monitoring

When a flight plan is activated, the flight object isAdditional tools will assist controllers in main-
retrieved and passed to the FAA ATC facilities retaining situational awareness and monitoring the
sponsible for that flight. As the flight progressesstatus of airspace configuration (e.g., restricted
the flight object data are automatically updated bgirspace, hazardous weather location, sector
the FDM at the controlling facility, and periodicboundaries). Data exchange capabilities will give
updates are available through the NAS-wide irservice providers and NAS users an informed ba-
formation services for access by other FAA facilisis for collaboration on trajectory and strategic
ties or NAS users. FDM will archive the flight ob-airspace solution planning.

ject during the flight and will maintain a perma- . ;
Jnent fIightghistory.gThe content of the fIigh'?object-rraffIC flow managers and controllers will have

is described further in Section 19, NAS Informadcoce > to the same decision tools and flight ob-

. . . . _Jects. These tools, with adjustments to the param-
tion Architecture and Services for CoIIaboranrléterS (e.g., look-ahead time), will become density
and Information Sharing.

tools for assessing the ripple effect of airspace
The availability of improved aircraft position, ve-changes. Modified trajectories can be developed
locity, intent, and wind information and the im-collaboratively with airline operation centers

plementation of new automated decision suppofAOCs), pilots, and other NAS users. The new
tools will assist controllers in separating aircraftrajectories can then be distributed to flight decks
from restricted airspace, hazardous weather, andd downstream facilities. Traffic flow managers

other aircraft. It will also allow more user-pre-will have access to common ATM workstations as
ferred routes to be granted. part of the TFM DSS.

JANUARY 1999 BN RouTE — 21-9

|_
<
o




NATIONAL AIRSPACE SYSTEM

Dynamic resectorization is an advanced concepbver situations in which the primary and second-
that will allow ATC facilities to configure air- ary systems both fail or are not available for some
space boundaries in real time to accommodaimpredictable reason. This analysis will also
varying traffic flows. ATC personnel will be able cover the safety implications of the various possi-
to coordinate minor sector boundary changdsle configurations and the impact of such issues
among themselves to reduce manual coordinatias rapid cold start, warm start, recovery times,
and make their assigned airspace more efficiemtaintenance actions, and common-mode failures.
for existing traffic flow. These advanced con¥igure 21-6 shows a possible backup system with
cepts, which incorporate multiple center and setardware and software diversity.

tor reconfiguration capabilities, require further

study to determine their feasibility. 21.2 Summary of Capabilities

In support of the en route enhancements, the ia- stable hardware and systems software infra-
frastructure will provide these additional capabilistructure with common operating systems and
ties: system services will be available at each step in

« Infrastructure and processing between eifi€ evolutionary system as a platform upon which
route and oceanic domains (New York, OakTC applications can be developed.

land, and Anchorage) will be common. Initially, the en route FFP1 CCLD capabilities
* Local information service will accept and(URET CCLD and TMA SC), will be provided at
process queries from NAS users. selected ARTCCs. These functions are
implemented on outboard processors, and will be
subsequently integrated into the core en route
software architecture during the reengineering of
« Automated monitoring and status reportinghe host software. The integration will involve
interfaces with NAS infrastructure managefactoring in lessons learned from the prototype
ment system. implementations in FFP1 activities and the efforts
The enhanced en route/oceanic architecture (SagCessary to make these products suitable for
Figure 21-6) provides full ATC functionality for national deployment. Figure 21-7 summarizes the

two physically separate, redundant systems. Eag@pPabilities evolution

fuII-servic_e system will perform _aII functions, ir."URET CCLD will allow controllers to accurately
terface with controller workstations, and recew%redict aircraft trajectories 20 minutes ahead and
data from all external systems. identify potential conflicts. URET CCLD will
An en route investment analysis will determin@volve to CP and be deployed nationwide. CP
whether a tertiary backup system is needed till be integrated into the en route automation, al-

» Data link applications will enable common
domestic and oceanic data link services.

Primary LAN

Diverse HW & | R | [ services |
SW Backup —-I

Secondary LAN

Redundant
Capabilit
apabilit

Figure 21-6. Redundant Functionality in En Route Architecture
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lowing controllers to grant additional user-preEn route automation will receive more accurate
ferred routing. aircraft position, velocity, and intent information
from both the Mode-S downlink and the ADS
TMA will assist controllers by calculating arrival systems. ADS-B receives very accurate position
schedules for sequencing to terminal facilitiesdetermination from the Global Positioning Sys-
The increased situational awareness will allovem (GPS) and broadcasts aircraft information to
controllers to grant more user requests. TMAgther aircraft and ground facilities. This improved
which was initially deployed as a single center canformation used by enhanced DSS tools will im-
pability, will evolve to incorporate a multicenterprove en route system capacity and efficiency and
capability allowing metering of aircraft to termi-may allow reduced separation standards to be im-
nal areas across ARTCC boundaries. plemented. Dynamic resectorization, to balance

. . o ~controller workload and potentially increase ca-
CPDLC Build 1 will be initially installed at a sin- pacity, is a longer-term goal.

gle center so that controllers and pilots can gain
operational experience with this capability. Subs1 3 Human Factors
sequent national deployments will provide ex-
panded operational information exchange by inmplementing new hardware and software in
corporating additional messages. Data link wilDSSs, implementing new applications, and en-
provide additional interfaces for decision suppo®bling en route technologies entails significant
tools as they evolve. improvements in the way en route controllers
conduct operations and provide traffic manage-
Implementing the flight object and the NAS-widement services. Through an acquisition process
information services will allow data sharingthat entails close collaboration with users, the re-
across domains, facilities, and NAS users. Thisulting enhancements will provide new and dif-
sharing will benefit users by enhancing the aiferent Air Traffic Service (AAT) and Airway Fa-
lines planning to support daily operations. It willilities Service (AAF) workforce tools, skills,
also improve the effectiveness of the ARTC@rocedures, and training. Some of the more sig-
ATC decision support tools that provide bothificant increases to human-system performance
safety and efficiency benefits to all users. include those related to:

|_
<
o

Conflict probe prototype deployed at Indianapolis and Memphis

Conflict probe deployed at selected sites (integrated D-side)

Conflict probe at all en route sites. Controllers grant more user requests

GPS position, velocity, and intent via selective interrogation

Conflict
Probe
(FSD)

Increased productivity, national use of flight object

URET
Prototype

GPS Data
via SSR

Enhanced
En Route/
Oceanic

System

Conflict
Resolution w/

Multicenter
Metering

T™MA
Prototype

GPS Data
via ADS

Multicenter
Metering w/
DA

Sequencing and spacing tool deployed at Dallas
Metering aircraft to terminal areas

Initial ATC messaging via FAA network data link

Metering aircraft to terminal areas across center boundaries

GPS position, velocity, intent via ADS-B ground stations

Managed controller workload and increase throughput of system

CPDLC
Build 1A

ATC messaging via service provider data link

Initial ATC messaging via service provider data link

Figure 21-7. En Route Capabilities Summary
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Information Dissemination: Devising meth- «
ods of distributing information among coop-
erative and collaborative en route decision-
makers for such services as:

— Advisories that inform ground and aircraft
crews about alert/protected zone condi-
tions, warnings, and resolutions

— Common views and warnings of terrain,'
special use airspace (SUA), obstructions,
and weather

— Real-time reporting to users and service
providers of radar, beacon, ADS, and other
position information

— Increased availability and updating of pilot
intent and aircraft performance data .

— Information on integrity and timeliness
needed to support flight object and DSS
implementation.

Prototype Implementation: Conducting the
transition of prototypes for production and
implementation such as:

— Ensuring new functionality and/or CHI as-
sociated with individual prototypes or en-
hancements is effective and compatible
(for operational/supportability) when inte-
grated to form an evolutionary target en
route baseline

— Designing target workstations for the addi-
tion of new functionality (e.g., adequacy of
the DSR data position (D-side) monitor for
a conflict probe, availability of function
keys on R-side, D-side, and monitoring and
control (M&C) keyboards)

— Clarifying the roles and responsibilities for
new ATC applications (e.g., where DSR.
consoles are to be used for TMU posi-
tions).

Workstation Design: Eliminating individual

controller and maintenance workstation de-
signs, divergent CHI, or incompatible CHI—
especially where commercial software and

Failure Mode: Designing (human) error-tol-
erant failure mode procedures, systems, and
operations (under degraded or outage condi-
tions) where there is heavy reliance on auto-
mated decision support tools for maintaining
separation standards and tactical situational
awareness.

Training and Transition: Assessing training
implications and transition requirements re-
sulting from incremental implementation of
new air traffic and airways facilities features
and functionality and ATC functionalities that
require significant use of common “display
real estate” (e.g., tradeoffs between size of
D-side glass and strip capacity).

Analyses: Conducting en route analyses in
support of:

— DSR upgrades for enhanced color coding,
operational display and input development
(ODID) style graphical user interface, and
revised CHI standard for R-side, D-side,
and M&C positions

— Baselining ARTCC en route operational
and support work environments for addi-
tions to a configuration-management-con-
trolled en route baseline

— Design and development of a new and inte-
grated ARTCC inventory of visual and au-
ral alerts and alarms

— Human factors investment analysis for the
Host/DARC replacement and for en route
conflict probe

— Implementation of CHI design attribute al-
location and configuration control systems.

Performance Measures:Establishing objec-
tive en route measures for integrated human-
system performance for such major mile-
stones as successful completion of opera-
tional test and evaluation, initial operating ca-
pability, and operational readiness demonstra-
tion.

application systems are prototyped and dez—l 4 Transition

fined as independent systems that later inter-

connect to the Host via the HID/NAS LAN orFigure 21-8 summarizes the en route activities
are integrated into a single position or sectortransition.

21-12 — BN ROUTE
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(A& 08/99(000 0 0 0410 06| 0 09 0 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transition Steps Step 1 | Step 2 I Step 3 Step 4
DSR, DSR Tech Refresh DSR ARTCC WS
DCCR, ' ! Upgrades
CDC, PVD Mods to Support FFP1 Pg
DARC En Route Backup
Enhanced
En Route/Oceanic System
Reengineer (includes full-service redundancy
PAMRI Com'fg‘uﬁi%l;tt?ons En Route and ARTCC ATC DSS)
Gateway
URET
Prototype URET cP
(FSD)
TMA MC
(FSD)
HID/NAS LAN Common En Route Infrastructure
Local
Standards and Protocol Definition External :
ISn(;?vices Interfaces NAS Queries

Figure 21-8. En Route Transition

21.5 Costs 21.6 Watch Items

The FAAs estimated costs for research, engineefepieying the en route functionality and opera-

ing, and development (R,E&D); F&E); and operyona| penefits within the schedules and budgets
ations (OPS) are shown in constant FY98 dollaigegcribed in the architecture depends upon the
in Figure 21-9. funding and success of the following related ac-

\ .
|
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1998 Constant Dollars

ORED
°FeE
®oPs

N

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 21-9. Estimated En Route Automation Costs
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» Demonstrating the ability of ground automa-  sive effort necessary for site adaptation data
tion systems to process improved surveil- maintenance. These affect both the current
lance, intent, aircraft state, and wind data systems and the new decision support tools.
from both Mode-S downlink and ADS; to
merge these data with radar data; and to di$he budget for incorporating some of the future
play this information to controllers with anfunctionality is related to developing common al-
acceptable CHI. Results of these demonstrgerithms to provide this functionality across do-
tions would include processing algorithmsnains where appropriate. Areas where common
and CHI standards that could then be incorpdunctionality across domains is anticipated are:
rated into the en route core functionality be-
tween 2005 and 2008 + Common surveillance processing and ADS

data fusion in the terminal, en route, and sur-

* Timely deployment of the Host, DARC, and face domains

PAMRI hardware supportability solutions
that solve the infrastructure replacement |ncomoration of more accurate surveillance,
problems in the near term and provide a jneng aircraft state, and wind data from both
bridge to the new capabilities of the reengi- Mode-S downlink and ADS to improve deci-
neered en route system sion support tools
* Success of the FFP1 prototypes for the en _
route domain (URET and TMA SC) and con® Common weather services
version to production programs for initialo

conflict probe and TMA Common flight object processing

« Transitional airspace structures and airspace Common functionality in some ATC DSS and
redesign and their effect upon the labor-inten- safety-related tools.
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22 OCEANIC AND OFFSHORE

The FAA is responsible for providing air traffictraffic management (ATM) system improvement
services to aircraft flying within specific flight in- concept, including separation reduction and other
formation regions (FIRs). These regions include airspace enhancements. A combination of ground
portion of the western half of the North Atlanticand airborne automation capabilities and technol-
Ocean, a large portion of the Arctic Ocean, and@yies in satellite-based communications, naviga-
major portion of the Pacific Ocean (see Figurgon, and surveillance will reduce or balance
22-1). The oceanic domain consists of oceanic aipntroller workloads to help oceanic service pro-
route traffic control centers (ARTCCs) and offvjders solve potential conflicts, traffic congestion,
shore sites. The New York and Oakland oceanig,y demand for user-preferred trajectories. This
centers are responsible for oceanic airspace, Whilgchitecture is centered around improving auto-
the Anchorage ARTCC provides en route (includmation and communications capabilities in the
ing radar coverage) and oceanic air traffic Sefond system to take advantage of communica-
vices for all Alaskan airspace. Air traffic Servicegjons navigation, and surveillance capabilities in
provided by San Jua_n, Guam, and Hc_)nolulu al rcraft avionics. A major goal of the architecture
fall under the oceanic offshore domain. Each % to lower training, operations, and maintenance

these latter facilities—commonly referred to a3 sts by evolving toward maximum commonality

center radar approach control (CERAP) facilitie . S
or offshore sites—is unique in terms of their aigcet;/veersir;;sﬂshore, oceanic, and domestic air traf

traffic control (ATC) operations and associate

ATC automation systems. Figure 22-2 shows that the oceanic ATC services

The future oceanic architecture must accomm@’ Oakland, Anchorage, and New York will

date substantial air traffic growth that is expecte@volve toward commonality with the en route do-
in oceanic and offshore airspace through autom@ain, while Guam, Honolulu, and San Juan will
tion enhancements and procedural changes. Th&®lve toward commonality with the terminal do-
changes will reduce separation standards—longnain. The concept of commonality is that appli-
tudinally, laterally, and vertically. Th&trategic cations software will be common, where
Plan for Oceanic Airspace Enhancements anappropriate, but will also incorporate the domain-
Separation Reductiondune 1998, describes thespecific capabilities necessary for operational
FAA's strategy to support the overall oceanic aisuitability.

Figure 22-1. Oceanic Airspace
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Oceanic airspace is an area in which airspace w$tange data link messages via satellite communi-
ers can realize significant benefits from enhancegations (SATCOM) or high frequency data link
ATC system capabilities. Small improvements itHFDL). Pilots will be able to negotiate climbs,
fuel efficiency or reductions in flight times candescents, and specified maneuvers between af-
create large savings in airline operating costs. Priected aircraft and the oceanic service provider
dictability of aircraft getting and staying on theif(see Section 16, Surveillance, and Section 17,
preferred routing can be especially cost beneficilommunications). Decision support tools will be
for the airlines used to help oceanic service providers detect and
resolve possible conflicts and to prevent con-
trolled aircraft from entering restricted airspace.
Technical advances in automation and in satellite _ _ _ _
communications and navigation can increase uskf€ role of oceanic service providers will evolve
flexibility while increasing levels of capacity andfrom performing procedural separation using pa-
safety in the oceanic and offshore domain. Autger strips to performing procedural separation
matic dependent surveillance (ADS), better navemploying situation displays and controller deci-
gation tools, near real-time communications, anslon support system tools for separation and stra-
automated data exchange between pilots and ogggic planning.

anic air traffic controllers via data link will pro-

vide the flexibility to change flight trajectories inThe gceanic architecture will evolve through four
response to changes in wind-optimal routegsens |eading toward commonality with the en
rather than having to adhere to predefined routgs, ie and terminal architectures. The evolution of

that are calculated hours in advance. Oceanic S8a oceanic and offshore systems toward a com-

vice providers will have situation displays of traf'mon infrastructure will require close coordination

fic in oceanic airspace and decision SUPPOEish the acquisition efforts of other domains.

system (DSS) tools, allowing them to IorOVIOIerhese dependencies are discussed in the specific

gL%(;?jdgerz%Iarsaiipoagemionri]rrrgom their displays at "Grchitectural steps. The applications software will

become as common with other domains as appro-
Pilots will have a cockpit display of nearby trafficoriate. Domain unique requirements, primarily
received via automatic dependent surveillangdue to surveillance and communication differ-
broadcast (ADS-B) from other aircraft. Pilots aneénces, will be retained as necessary for opera-
service providers will be able to initiate and extional suitability.

22.1 Oceanic Architecture Evolution

Oakland

Oceanic/

En Route
Commonality

Offshore/
Terminal
Commonality

Figure 22-2. Oceanic Architecture Evolution Toward Commonality
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The oceanic architecture is driven by the avai+ New York and Oakland, which are oceanic
ability of enabling capabilities. The timing of spe- ~ FIRs, are discussed in Section 22.1.1, Oce-
cific capabilities is presented in Table 22-1. The anic Architecture Evolution.

table focuses on the evolutionary steps of the oce- Anchorage, Guam, Honolulu, and San Juan
anic architecture. Table 22-2 presents the evolu- are offshore sites and are discussed in Section
tion of the concept of operations (CONOPS) in 22.1.2, Offshore Architecture Evolution.

terms of the types of events experienced by use

and oceanic ATC service providers for a typicaﬁ'l'1 Oceanic Architecture Evolution

oceanic flight in relation to the evolution of theCurrently, a number of innovative alternatives to
NAS meet oceanic user needs and commitments are be-
' ing evaluated. This process could substantially af-

The oceanic architecture evolution is organizelct the architectural evolution.

into two elements: oceanic and offshore siteThe architecture diagrams presented later in this
These sites include: section show the content of each evolutionary

Table 22-1. Oceanic Capabilities Evolution

1998 1999-2007 2008-2013
Current Steps 2 and 3 Step 4
Communications HF voice through communications HF voice through communications service | Rarely HF voice via communications
service provider provider service provider
Some FANS-1 data link Direct communications Some FANS-1 data link (SATCOM)
FANS-1 data link (SATCOM) Some HFDL
Some ATN Mostly ATN
Some HFDL
Surveillance Pilot position reports Pilot position reports (voice or data) Some pilot position reports (voice or =
ADS-A data) -
ADS-B (air-air) ADS-A E
ADS-B (air-air) <
Navigation RNP 10 RNP-10 RNP-4 o
Northern Pacific
Separation Standards 60-100 nmi long/lat 50 nmi lateral leading to 50/50 nmi Additional self-separation procedures
2,000 t vertical RVSM expanded to other areas (Shared separation responsibility)
50 lateral nmi Limited self-separation procedures RVSM
In-trail climb, descents
RVSM Atlantic
Airspace Structure Fixed Less fixed Random
Flexible More flexible User-preferred profiles
Random More Random
Interfacility Comm Voice Voice Mostly data (e.g., AIDC)
Teletype Teletype Some voice
NAS-to-NAS NAS-to-NAS Some teletype
Initial AIDC Data (e.g., AIDC) NAS-wide information network
User/ATM interactions User files flight plan Defines flexible tracks NAS-wide information network fur-
User and TFM negotiate oceanic International collaboration for dynamic ther facilitates new system applica-
fix crossing time changes tions
DARP reroutes
TFM Defines flexible tracks Defines flexible tracks Defines corridors
Assigns fix crossing times International collaboration for dynamic
changes
DARP reroutes
Airborne Equipment Airborne collision avoidance Airborne collision avoidance system Airborne collision avoidance system
system CDTI CDTI
Cockpit multifunctional display (e.g., Enhanced cockpit multifunctional dis-
weather, etc.) play

Additional applications
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Table 22-2. Evolution of Events in Oceanic Domain

1998
Current

1999-2007
Steps 2 and 3

2008—2013
Step 4

Users

For non-west coast flights with no gateway
reservation, flights enter oceanic air-
space at lower than preferred altitude or
are delayed due to 10 or more minutes
longitudinal separation required

Uses HF voice communications via com-
munications service provider (e.g.,
ARINC)

Some FANS-1/A data link communications

Reroute requests are time-consuming for
pilot

Pilot sees some traffic on TCAS display,
most traffic out of range

Pilots report waypoint position reports

Few self-separation procedures (in-trail
climb/descent)

For equipped aircraft, communication

going from domestic to oceanic is seam-

less (both using data link)

For some FIRs, seamless interfacility tran-

sition

May request more reroutes (less workload
intensive for pilot)

CDTI displays more traffic, and ADS-B
provides additional information

ADS-A-equipped aircraft automatically
sends waypoint and periodic position
reports

Limited self-separation procedures using

ADS-B (air-air) and CDTI (in-trail station-

keeping, lead climb/descent)

Communications going from domestic to
oceanic ATC seamless (mostly ATN)

Seamless interfacility transition

No need to request for reroute as long as
maneuvers are within the corridor

Pilot sees more traffic and weather infor-
mation

Able to fly preferred profile with shared
separation responsibility

Service
Providers

Altitude requests granted, if controller is
not busy

Ignores altitude profile information in flight
plan; controller does not offer altitude
change unless requested by aircraft or
needed to resolve problem

Reroute requests time-consuming for con-
troller, limiting ability to grant requests

Receives waypoint position reports from
pilot

Voice or teletype interface with other FIRs

Prototype AIDC for limited data interface
with other FIRs

Controller uses altitude profile information
in flight plan for planning purposes

Altitude requests more likely granted due
to additional airspace available (e.g.,
RVSM), altitude profile information in
flight plan, and controller less busy with
manual tasks

Reroute requests are more likely granted
(less workload-intensive for controller)

Receives ADS-A waypoint and periodic
position reports from aircraft

More data interface with other FIRs

Automated decision support tools (includ-
ing conflict probe) reduce reliance on
paper strips

Few pilot position reports. Receives ADS-
A position reports

Flight Progress monitoring by exception

Data communications interface with all
other FIRs

Flight Object processing facilitates han-
dling change requests

step in a logical or functional representationparty and language problems), current oceanic
without any intention of implying a physical de-separation minima are very large. Intensive coor-
sign or solution. An overview of the sequence andination is required to ensure accurate communi-
relationship of the oceanic functionality with re-cations between FIRs via teletype or telephone.

spect to the oceanic architecture is shown in Fig-

ure 22-3. th the New York and Oakland centers, the Oce-
anic Display and Planning System (ODAPS) pro-

vides a situationdisplay of aircraft positions

based on extrapolation of periodic HF voice posi-

. tfjon reports and filed flight plans. ODAPS soft-
Current oceanic ATC systems at New York an are was originally derived from the flight data
Oakland do not rely on radar coverage. Opera-

; . processing software used by the en route Host
tions are perfo_rmed t_hrough procedural separati c%mputer system (HCS) and modified to meet
using paper flight strips. Air-ground communica_ " e e requirements. ODAPS also Sup-
tion is indirect through a third-party, high fre- q q ) P

quency (HF) radio operator. Since direct rad orts a procedural conflict probe capability. The

: : : DAPS interim situation display (ISD) is cur-
surveillance is not possible over most of th . . .
. ) - Fently used by service providers for planning and
ocean, aircraft report their positions to oceanic

: ) : Situational awareness. 1SD does not yet provide
ATC at prescribed intervals or locations as the e controller decision support tools required for

progress alo_ng _thelr ﬂ'.ght paths. NaV|gat|on %t to be the primary means for procedural separa-
performed principally with onboard inertial navi-,.

_ S on.
gation systems (INS) and communication by H
voice. To allow for INS errors and communicaOakland is currently using a limited version of
tions uncertainties (e.g., atmospheric distuleceanic data link (ODL) in a single sector. Oak-
bances, indirect voice relayed through a thirthnd and New York sites have a telecommunica-

22.1.1.1 Oceanic Architecture Evolution—
Step 1 (Current—1999)
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Step 1 Step 2 Step 3 Step 4
(Current-"99) ('00-"02) ('03-'07) ('08-"15)

Local
Services

Full External
Queries

External
Interface

FDM
(Engineering
Test Bed)

Two-
Controller
Access

Enhanced
En Route/
Oceanic
Flight Object
Surveillance
Processing
ATC DSS

ODAPS

Reengineer

ODAPS-R (HOCSR)
Initial ODAPS
Reengineering (HOCSR)

NAS-Wide
Data Link

DOTS+ /OT_MS\ TFM DSS

\_/

tions processor (TP) that enables each secfior properly equipped aircraft and for required

controller to retain and search through ODAP8&avigation performance (RNP)-10 aircraft in the

messages and messages received from tRerth Pacific Ocean. Procedural changes and in-
ARINC radio operators. The current oceaniternational coordination will enable RVSM to be

workstations include an ISD and a TP/ODL proextended to the entire Pacific Ocean for equipped
totype workstation that displays flight informa-aircraft. This step also brings enhancements to
tion. In addition, New York is using an air trafficDOTS Plus. Figure 22-4 illustrates the logical

services interfacility data communicationsoceanic architecture during Step 1.

AIDC) prototype providing ground-ground data
I(ink be)tvSeen g(flecrt)ed FIRS. g g Enhancements to the oceanic architecture during

. _ Step 1 include:
The oceanic centers also use the dynamic ocean

track system (DOTS Plus) as a traffic manage- Procedural-based conflict probe checks oce-
ment planning tool. DOTS Plus identifies optimal ~ anic flight plans and proposed revisions for
tracks based on favorable wind and temperature Potential conflicts and provide an alert if sep-
conditions, while projecting aircraft movement to ~ aration minima are predicted to be violated.

identify airspace competition and availability.

Figure 22-3. Overall Oceanic Architecture Evolution

|_
<
o

DOTS Plus improvements include hardware
An operational, procedural-based conflict probe replacement and functional enhancements,
will support reduced vertical separation minima such as improved weather data, elimination of
(RVSM) and 50 nmi lateral through ODAPS. duplicate message feeds, track definition
RVSM reduces vertical separation from 2,000 feet message interface to ISD, remote monitoring
to 1,000 feet for aircraft in specified segments of and software maintenance, and an enhanced
oceanic airspace. Oakland implemented proce- graphic user interface (GUI). DOTS Plus ex-
dural changes to support 50 nmi lateral separation pands upon the previous DOTS track genera-
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Infrastructure Improvements

+ DOTS Hardware Replacement
* HOCSR HW w/ ODAPS S/W

Functional Enhancements
+ Dynamic Reroute (DOTS+)
+ Conflict Probe for RVSM (ODAPS) (Sgég% Interim
« ATS Interfacility Data Comm (AIDC) . . . Situation
(Ground-Ground Data Link) . Xé:?\llg | (Fllgfgol?]%'ifg[ l;:),rr%ct)?)s'ng’ Display (ISD)
+ ISD Controller Tools (Controller Tools)
+ Oceanic Data Link (ODL) * HOCSR
(Air-Ground Data Link) : ('\)‘\é/g " DOTS Plus ‘: ARINC
. . { (Track Gen i_[7| Display
Separation Services ! Traffic Display, !
« RVSM (North Atlantic) Legend 1 Track Advisor) ;
(777 Infastucture Flight Information
Avionics S--- ':"ZYQZE“‘S AIDC H Display (FID)
-unction
*+ TCAS Enhancements (TP/ODL)
* FANSUA I:l Current/Enhanced
Systems

Planned
Functionality

Domestic Centers
(New York, Oakland)

tion, traffic display, and track advisore
functions and is capable of supporting flexi-
ble tracks and dynamic reroutes. DOTS Plus
enhancements streamline the process ac-
counting for weather and balancing loads, angd
allow the tracks to be updated more rapidly.

Multisector ODL supports air-ground data
link communications and extend single-sector
data link functionality to all ODAPSsector
positions. In this early phase, ODL windows
are displayed to the oceanic service provider
on the flight information display (FID). How-
ever, if ODL is not running, the FID displays
telecommunications processor data. This
multi-sector ODL capability, via ARINC as a
data communications service provider, uses
satellite communications for exchanging mes-
sages with FANS-equipped aircraft. Data link
functions include automated entry of flight
identification into a list of flights entering the

Figure 22-4. Oceanic Architecture Evolutior—Step 1 (Current—1999)

The ISD tool set introduces automated deci-
sion support tools to the controller for calcu-
lating time, speed, and distance for head-on,
in-trail, and crossing situations.

The ODAPS hardware will be replaced to
solve end-of-life-cycle and year 2000 prob-
lems. The en route program, Host/oceanic
computer system replacement (HOCSR), will
replace the en route and oceanic hardware.
The current oceanic functionality will be sus-
tained using the existing ODAPS software on
the same hardware platform that is being used
for the en route automation system. The econ-
omies of scale enabled by using common
hardware for oceanic and en route applica-
tions will result in lower life-cycle costs.
Moving to a common hardware platform will
also provide a starting point for the evolution
to a common software architecture to support
oceanic and domestic ATC applications, as
discussed in Section 21, En Route.

sector, a display of messages to the track cORySM  (North  Atlantic) enables properly
trol position, and a transfer-of-communicaequipped aircraft to be cleared closer to their opti-
tion message to aircraft exiting the FIR mum altitudes and to be closer to the wind-opti-
mal routes. Conflict probe helps enable conflict-

* Initial AIDC supports the ground-ground datgree clearances and provides additional flexibility
link communications, which enables mesin granting user-requested routings in a timely
sage/coordination to be exchanged betweenanner. DOTS Plus provides flexible tracks, en-
U.S. oceanic FIRs and their equipped, adjabling the system to be more responsive to chang-
cent FIRS. ing wind conditions.
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Improved air-ground communications and coordiFigure 22-5 illustrates the logical oceanic archi-
nation (enabled by ODL) will reduce the miscomtecture during Step 2.

munications inherent in messages relayed

voice. Data link and expanded radio coverage W%Q

provide direct pilot-controller communications, .
enabling more timely delivery of clearances bI Step 3, the Oakland and New York centers will

the oceanic service provider and responses froa&%rrggge ége ;ﬁg:lﬂdesduﬁ‘/g"c;rﬂzsszgder::;aﬂg
the flight deck. The AIDC will make similar im- P

X S (ADS-A). Figure 22-6 illustrates the logical oce-
provements in ground-ground communications. } . . )
anic architecture during Step 3.

The ISD controller tools will provide oceanic serStep 3 enhancements are outlined as follows:
vice providers with further automation support,
reducing the amount of time required by manually
intensive computations. Along with conflict
probe, these capabilities enable service providers
to identify potential conflicts and to grant user-
preferred routings and requests more frequently.

.1.1.3 Oceanic Architecture Evolution-
tep 3 (2003-2007)

The expanded AIDC message set will allow
oceanic service providers to send, receive,
and display additional ground-ground data
link messages between FIRs (i.e., coordina-
tion; transfer of communications; and emer-
gency, miscellaneous, and general

22.1.1.2 Oceanic Architecture Evolution- information messages).

Step 2 (2000-2002) * A two-controller access program will provide

. a fully functional oceanic data link position
In Step 2, the Oakland and New York centers will - for an assistant controller in each sector, al-

refresh the oceanic flight data processing (FDP) lowing shared sector responsibilities. The

hardware. Additionally, reengineering tasks will  opL windows will be displayed on both the
begin to accommodate additional surveillance and E|p and ISD and will be accessible from ei-

communication sources and to initiate commonal-  ther position.
ity with the en route domain. The HOCSR plat-
form will provide the basis for developing®
common en route/oceanic processing. Procedural
changes and international coordination will en-
able RVSM to be extended to the Pacific Ocean ADS-A will enable FANS-equipped aircraft
for equipped aircraft. to automatically provide periodic position re-

|_
<
o

A full-fidelity trainer will enable oceanic ser-
vice providers to train in a realistic system
simulation environment.

Domestic Centers
(New York, Oakland)

+ NADIN ST oDAPS )
Infrastructure Improvements * ARINC i (HOCSR) i
*HOCSR —— ! |nitial Reengineering (DOTS+)
* NWS ! (Flight Data Processing);
+0CC e :
Separation Services | |nf('):r|r|22%ion
+ RVSM (Pacific) Legend i AIDC E— Display
* RNP-10 7777y Infrastructure Voo !
+50 nmi Lateral ~——=" Improvements (T ) Interim
Functional i OoDL i_ Situation

Enhancements | o
I:l Current/Enhanced Displa
Systems )
* FANS 1/A
Planned
*coTi D Functionality ARTCC

Figure 22-5. Oceanic Architecture Evolution—Step 2 (2000-2002)
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ARTCC Wx
* AIDC Processing
¢ + ARINC L
Infrastructure Improvements + HOCSR / \
, * Oceanic/En Route Data Link Processor (DLAP) 1 « CPDLC \ ARTCC | Reengineer
| » FDM Prototype 1 +0CC i (Local Interface) i Oceanic System
+ ADS-A [, ] (Flight Data Processing)
Functional Enhancements A )
Y\: S (el [N ————
+ Expanded AIDC I (with Oceanic || ! ARTCC :
+ Certified DSS Tools . i Interfaces) 1 Initial FDM i
« Initial Local Data Sharing Domestic Centers ~ f----—--- O /| | (Prototype at “Beta” Site) |
« Multiprotocol Data Link Processor (DLAP) (New York, Oakland) S S —
« Verify Use of Flight Objects DL — Oceanic DSS
+ Initial NAS-Wide Information Sharing © (ATN) (CP, Controller Tools)
« Two-Controller Access | @ —ouv he—_— T (Proce_du[r)ql Sieparanon
L a Displays
« Full-Fidelity Trainer Legend Comm Server via Displays)
7777 Infrastructure (ADS-A, AIDC,
Separation Services ~— - Improvements CPDLC) ‘ 0TMS
* Procedural Improvements for O s D
* 50/50 nmi I:l Current/Enhanced |
Avi . Systems
VIonics Planned
+ ATN/FANS1 C) Functionality
* ADS —
«CDTI | ARTCC |

ports and event waypoint reports via data
link. ADS-A will also include lateral devia-
tion event reports. The waypoint position re-
port will be relayed to oceanic service,
providers for processing. The oceanic auto-
mation will display and update the aircraft
position accordingly. ADS-A will support au-
tomation functionality that provides distance
checking for 50-nmi longitudinal separations?
sends distance checking alerts to both the FID
and the ISD, and updates to the oceanic flight
plan data base. ADS-A position reports will
be used by conflict probe in its computations.

Figure 22-6. Oceanic Architecture Evolutior—Step 3 (2003—-2007)

(ETMS) will help improve coordination be-
tween oceanic and domestic traffic flow plan-
ning.

The en route software reengineering efforts
will accelerate in Step 3 to address domestic
and oceanic commonality (see Section 21, En
Route, for a detailed description).

Ground automation upgrades to display sup-
plementary flight data lists, along with ac-

companying procedural changes and
approved DSS tools, will enable the elimina-
tion of paper flight strips.

A common server will support ODL, AIDC

and ADS-B. ' Figure 22-6 shows the implementation of local in-

formation services at Oakland and New York

. . . nters that will incorporat nic-uni -
« The oceanic architecture allows horlzonta?‘.a ers tha corporate oceanic-unique ap

separation standards to be reduced to SO/gacatlons.

nmi, enabling more aircraft to get closer taA flight data management (FDM) prototype will
their wind-optimal routes. Increased frebe deployed at one ARTCC. When the FDM is
guency and accuracy (GPS-based) of positiaperational, it will replace the existing flight data
reports, combined with better controller-pilotprocessing capability. The FDM prototype will be
communications, helps enable reduced sepam in parallel with the existing FDP and serve as
ration standards without adversely affectingin engineering test bed. The FDM expands the
safety. ODL, high frequency data linkexisting ODAPS FDP capabilities by enabling the
(HFDL), and ADS-A will enable improved processing of the flight object (see Section 19).
ground-air communications and more reliabl@his development will enable implementation of
and frequent surveillance data. DOTS Plua common FDM to support all domains. In brief, a
will be renamed the Oceanic Traffic Manageflight object will contain information about a
ment System (OTMS) to reflect its expandedight (planning through post-flight archiving and
scope. The interface between the OTMS arahalysis) and will be accessible to all FAA service
the enhanced traffic management systeproviders and authorized NAS users.
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FANS-1/A two-way data link (TWDL) communi- Two-controller access provides oceanic control-
cations, ADS-A, and Air Traffic Services (ATS)lers with the capability to more evenly distribute
facilities notification services will be providedthe workload associated with reducing separation
and, as user equipage and demand dicATt, minima and handling data-link-equipped aircraft
controller-pilot  data  link communications during peak-traffic times. The transition to “strip-
(CPDLC) will be provided. At this time, some!€SS” operations and the corresponding reduction
oceanic and en route data link processinc:;] Capatjnl_controller workload will enable oceanic service

ities will be merged in the Data Link Applications'orowders to meet expected increases in demand.

Processor (DLAP). With the initiation of an Oce_Serwce providers will use visual displays and de-

. icati interf i1to DLAP ATNCiSion support tools to monitor the traffic situation
anic communications Interface nto ’ and to separate traffic. They will do more strate-

services can begin to be supported in oceanic alfic. pianning and grant more user preferences and
space via DLAP. Aircraft equipped with data linkequests. During this time frame, additional pro-
applications, such as TWDL/CPDLC, will be fly-cedural improvements will be considered to allow
ing in domestic en route airspace, as well as odgmited self-separation procedures, such as in-trail
anic. Much of the communications software (e.gstation-keeping and lead climb/descent.

FANS-1/A, ATN) needed for the ground systems . L
will be common to both domains. The expanded AIDC message set will provide im-

proved coordination between the oceanic facili-
DLAP will provide multi-protocol and multi-ap- i€S and other international FIRs. The data link
support for both FANS and ATN will take advan-
tage of improved avionics and significantly im-
space. DLAP will mask the application differ-Prove ground-air communications. The common
oceanic en route data link platform will facilitate

e_,nces f_rom aircraft .W'th different tYpes of dataSeamless aircraft transitions and data transfers be
link equipage and will present data link messages cean the two domains.

to the oceanic automation system in one common

format for each application. The oceanic systemg2.1.1.4 Oceanic Architecture Evolution-
therefore, will only have to include one version oftep 4 (2008 and Beyond)

each application (TWDL, ADS-A, and ATN), Figure 22-7 illustrates the logical oceanic archi-
even though multiple airborne versions of eactecture in this step. The evolution of oceanic and

plication support for data link communications t
aircraft flying in both oceanic and en route air

application are being supported. offshore systems to a common hardware and soft-
Infrastructure Improvements
!« Common Oceanic/En Route H ATCT
! Infrastructure and Processing i *ADS-A ;?éggé‘
1+ NAS-Wide Information Network ! g[():sc/ﬁ ORAD «AOC
!+ Anchorage: Common Oceanic/En Route | (CPDLC, HF)
i Infrastructure and Processing i « Oceanic DL I
. * NEXRAD { ARTCC ] ARTCC
Functional Enhancements +AIDC (FIRs ) ! (with Oceanic Interfaces, — Weather
) ) ) ; ! NAS queries) ] Processing
+ Flight Object Preprocessing and Integration ~ / | LTI s =
with Aircratt { ARTCC
» Common Oceanic/En Route Functionality Q DA;?aT ﬁgk _E ATC DSS i
(with Oceanic-Unique Applications) S Control and Appl 1 (CACM,CR,
+ Anchorage: Common Oceanic/En Route VIV e . \ ___(ZP_'_ M?’_A\_N_)__J
+ Advanced Functionality Added Incrementally E :’ Enhanced Oceanic/ \: [ ——
' En Route System i ' TEMDSS |
) - ! |« Surveillance ! TR ;
Separation Services N i ) o Ittt
Legend 5 | Data Processing 1| ARTCC WS )
« RNP-4 ===\ infasucure \ +Flight Data Management E f (Enhanced DSR) |
L ___' Improvements ! (ODAPS Functions T (ATCDSS) !
Functional ’I\E‘ (_Integrated) / Mmoo oem /
. Enhancements JV :""Aé-}éé""‘:
Domestic Centers |:| CurentEnhanced Q <V0ice> I Maint. Monitor |
(New York, Oakland, e W L PLOEESS
Anchorage) Functionality | ARTCC !

Figure 22-7. Oceanic Architecture Evolutior—Step 4 (2008 and Beyond)
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ware infrastructure with en route and terminakExpanded collaborative decisionmaking would
will be completed in Step 4. Oceanic operations anable further sharing of separation responsibility
the Oakland, New York, and Anchorage centefsetween the oceanic service provider and the
will depend on the acquisition of the common erflight crew. The pilot’s ability to support climbs,
hanced oceanic en route system. An FDM will bedescents, and crossing and merging routes will be
implemented at all three sites, replacing the existupplemented by uplinked conflict probe infor-
ing FDP. A common surveillance data processdépation and display of more traffic and weather
for the en route, oceanic, and terminal domairfta. The oceanic service provider’s ability to pre-
will be implemented at each site with domaindict conflicts will be supplemented by pilot-intent
specific modifications. The ISD and FID func-information downlinked from the aircraft. Com-

tionality will be integrated into the enhanced DSHEon TFM decision support tools will further im-
workstation, which becomes the commorrove coordination between oceanic and domestic

ARTCC workstation. It is assumed that the erfacilities.

hancements made to the DSR during Step 3 of th@e full NAS-wide information network imple-
en route architecture evolution will enable it tqnentation will provide a uniform data format be-
support oceanic requirements. A COMMORyeen oceanic and the en route and terminal
ARTCC infrastructure will support common andsystems. The ICAO message set will be supported
unique oceanic and en route enhanced weathghd data communications interfaces will exist
decision support system, and maintenance applith all other equipped FIRs. Data link communi-
cations. This common, modern infrastructure wiltations will be standardized, resulting in im-
provide the ground-based platform needed for deroved coordination and seamless interfacility
veloping many of the advanced functional entransitions.

hancements (see Section 21, En Route).
22.1.2 Offshore Architecture Evolution

Oceanic communications will continue to migratq—he current offshore oceanic ATC systems in An-
from voice communications to data communicachorage, Honolulu, San Juan, and Guam have
tions. While data communications becontee partial radar coverage. The Anchorage and Hono-
primary means of communications, oceanic willyly TRACONSs are not part of this domain and
continue to support a mixed equipage environgre discussed as part of the terminal architecture.
ment. Increased use of ADS, CPDLC, and AIDGhe offshore facilities use the Microprocessor En
will continue to reduce the need for manual coolRoute Automated Radar Tracking System (Mi-
dination. The ability to communicate trajectorycroEARTS) for radar data processing of domestic
and route information (via CPDLC or TWDL) and oceanic traffic wherever radar surveillance is
will enable increased granting of user-preferredvailable. The MicroEARTS are automated pri-
routes. ADS-A will be integrated with an ad-mary and beacon radar tracking and display sys-
vanced conflict probe tool tailored for oceanieems whose functional capabilities are essentially
use. (see Section 17, Communications). the same as the terminal area ARTS IlIA radar

o _ _ data processing system, with the additional capa-
The NAS-wide information network will be struc- hjlity of employing both short- and long-range ra-

tured to conform to NAS-wide data standards; tgar.

incorporate multilevel access control and data

partitioning: to provide data security and allow!@Ple 22-3, Offshore Evolution Events, summa-
s the major events that will occur at each off-

real-time data access via queries; and to assu ) g I d i ith
all data-routing and distribution functions, inclugS"ore Site as It evolves toyvar commona ity wit
glther the en route or terminal domain.

ing data link. Planned functional enhancement
added incrementally to the system, may be able The following paragraphs present the offshore ar-
support even further reductions in separation staghitecture evolution in more detail. Architecture

dards. These would include advanced functionatiagrams show the content of each step in a logi-
ities, such as dynamic sector boundaries, conflical or functional representation without any inten-

resolution, and 4-dimensional trajectories. tion of implying a physical design or solution.
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Table 22-3. Offshore

Evolution Events

Step Anchorage Honolulu San Juan Guam
1. (1998-1999) DOTS+ H/W replacement | OFDPS-R (HOCSR) with Current system Current system
DOTS+ functionality OFDPS software (Miami patch) (Manual FDP)
CPDLC MicroEARTS MicroEARTS RDP MicroEARTS RDP
MicroEARTS
2. (2000-2004) OCS rehost/replacement Additional HOCSR Terminal controller worksta- STARS/P3|
MicroEARTS upgrade STARS/P3| tion
DSR workstation Terminal controller workstation | Localinformation services
ARTCC local information | Terminal local information ser- ADS and data fusion
services vices
ADS and data fusion ADS and data fusion
3. (2005-2007) ARTCC local information Local information services STARS/P3| Terminal controller workstation
services upgrade upgrade Local information services ADS and data fusion
NAS-wide information NAS-wide information network upgrade Local information services
network SDP SDP upgrade
NAS-wide information net- SDP
work NAS-wide information network

4. (2008 and
beyond)

Common infrastructure
with en route

Common infrastructure with ter-

minal

Common infrastructure with
terminal

Common infrastructure with
terminal

22.1.2.1 Offshore Architecture Evolution— including offshore and oceanic sectors. OCS also
Step 1 (Current—1999) provides flight data to the MicroEARTS radar

Figure 22-8 depicts Step 1 of the offshore archflata processor. An existing AIDC prototype sys-
tecture for the four offshore sites: Anchorage, Hdem will become operational to support a ground-
nolulu, San Juan, and Guam. ground data link with other international FIRs.

The sector layout at Anchorage will also include a
Anchorage DSR workstation that is connected to the Mi-
Anchorage uses a unique flight data processiffoEARTS, which will replace the current radar
system—the offshore computer system (OCSYlisplay. While Anchorage will be using the DSR
OCS processes oceanic flight data and impleéommon console hardware (driven by the Mi-
ments its own version of data link for FANS-croEARTS and the OCS), it will not be using the
equipped aircraft in Anchorage ARTCC airspace)SR software.

|_
<
o

Offshore Sites ocs OC(gaﬂ_igV)VS {  ODAPS (" Oceanic WS
-side i (HOCSR) | D-sid
Anchorage, Honolulu, FDP, CPDLC ! ! (D-side)
( g (FOP, CPOLC) DSR L__Fop) i other

San Juan, Guam)

« TRACONs Display

+ NADIN

- occ (RDP)

« ARINC Anchorage Honolulu

« NWS

+ Radar HOST Patch Oceanic WS
(Miami) (D-side)
(FDP) (FDIO)

Legend

I:l Current/Enhanced
Systems
C) Planned
Functionality

T Infrastructure
— ="' Improvements
Functional

Enhancements

Radar Display

Common
Console

Guam

San Juan

Radar Display
(PVD)

ARTCC/CERAP

Figure 22-8. Offshore Architecture Evolution—Step 1 (Current=1999)
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Anchorage (like New York and Oakland) also hadlo new improvements are scheduled prior to
the automated planning tool, DOTS Plus. DOTStep 2.

Plus |mp_Iements t_rack generation and tr_ack ad.vi'2.1.2.2 Offshore Architecture Evolutior—
sor functions and interfaces with the National Alr-Step 2 (2000-2004)
space Data Interchange Network (NADIN) for the” ) .
exchange of track information and aircraft posifigure 22-9 depicts Step 2 of the offshore archi-
tion reports. Scheduled DOTS Plus improvementgcture for the four offshore sites.

include hardware replacement and functional en-

hancements, such as improved weather da pchorage
elimination of duplicate message feeds, remofeue to aging equipment, the OCS will be re-

monitoring and software maintenance, and an ehosted (OCS-R) onto a more modern platform
hanced GUI. that includes a reengineered flight data processor

that is based upon the existing OCS software. Mi-

Ancho_rage implemented procedu_res t0 SUpPPOlt,EARTS functionality may be upgraded with
reduction to 50 nmi lateral separation for RNP-1Q yo A ADS.B data fusion. and improved

2irc_r|a{tggn8the North Pacific Ocean (NOPAC) inweather data as a part of the Safe Flight 21 and
pri : Capstone demonstration programs. This ADS-B

Honolulu and data fusion capability will be needed to sup-

In Honolulu, the CERAP uses the Offshore FIigh‘POrt _object_ives Of. these programs. Inforr_na@ion
Data Processing System (OFDPS), which is bas aring  will .be |mplemente_d via th‘? _|n|t|al
on modified ODAPS software and is interfaced &'~ 1 ©C Io_cal mformgtlon services and will incor-
a MicroEARTS radar data processor. An OFDpBorate unique local interfaces.

communications system proviqles a phannel fQlionolulu

external interfaces to communicate with OFDPS

- oo ; An additional HOCSR will be deployed to
The MICroEARTS system, commissioned in Jam@upport the transition from the CERAP’s present

ary 1998, provides new controller workstations;’ . o
The OFDPS will be rehosted as part of the ER!amond Hgad_ location. The existing HOCSR
il be maintained as a backup during the

Route HOCSR program, so the HOCSR hardwa}[% i iod. After th locati h
will be wusing existing OFDPS application ransition period. er the - rejocation, €

ft ing thi iod. tion 21 EI}{IicrqEARTS will be replace_d by STARS and
;%uv:;re during this period. (See Section 21, terminal controller workstations. The STARS

functionality will be upgraded to coincide with
San Juan the STARS preplanned product improvements

In San Juan, the CERAP obtains flight data infor®*l) (see Section 23, Terminal). Information
mation remotely from the Miami ARTCC (Miami Sharing will be implemented via the initial local
patch), which is transmitted to the rep|aceme,iﬁformation services and will incorporate unique
flight data printers (RFDPs). San Juan uses thecal interfaces.

plan view display (PVD) for MicroEARTS con-

troller positions. San Juan commissioned the man Juan

CroEARTS system in early 1998. The Miami patch for the San Juan FDP process
will remain unchanged during this period. Infor-
Guam mation sharing will be implemented via the local

Guam currently uses MicroEARTS with commorninformation service and will incorporate unique
consoles that function as situation displays at eatgcal interfaces.

sector. (MicroEARTS was commissioned in

March 1997.) Flight plans are received over affuam

aeronautical fixed telecommunications networRhe STARS with the terminal controller worksta-
(AFTN) circuit, and flight strips are printed usingtions will replace the existing MicroEARTS sys-

a PC-based program. All flight plans are mandem and common consoles. The STARS
ally entered into MicroEARTS, and all flight datafunctionality will be upgraded to coincide with

processing is done manually by the controllershe STARS Pl (see Section 23, Terminal). Infor-
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Figure 22-9. Offshore Architecture Evolution—Step 2 (200862004)

mation sharing will be implemented via the locahnchorage
information services deployed at Guam and wilThe OCS-R will continue providing FDP func-

incorporate unique local interfaces. tionality. The ARTCC local information services _

at Anchorage will be upgraded and unique oce- &g
22.1.2.3 Offshore Architecture Evolution— anic interfaces will be incorporated. The local in- E
Step 3 (2005-2007) formation services will provide the capability for &

. _ a data repository, in accordance with standards
Figure 22-10 depicts Step 3 of the offshore archigeveloped for the NAS-wide information network

tecture for the four offshore sites. (see Section 19, NAS Information Architecture
+ NADIN s N
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+ SOCC ! Sves. Upgrade w/ | —- m ! Local Info Svcs. |
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Figure 22-10. Offshore Architecture Evolution—Step 3 (20052007)
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and Services for Collaboration and Informatiomnd system software). The applications software
Sharing), that will enable the sharing of commowill be common where appropriate but will also
information between FAA facilities. comply with the domain unique requirements
necessary for operational suitabilifyhe Anchor-
Honolulu, San Juan, and Guam age system will have the architecture and capabil-
San Juan's MicroEARTS system will be replaceiies described in Step 4 of the oceanic
by the STARS and the terminal controller workarchitecture evolution (see Section 22.1.1.4).
station (TCW). The STARS functionality will be
upgraded to coincide with the annual deploymefonolulu, San Juan, and Guam
of STARS Pl enhancements (see Section 23, Tetn this step, Honolulu, San Juan, and Guam will
minal). The common reengineered surveillancevolve from offshore site domains to an infra-
data processor (SDP) will be deployed. Limitegtructure common with the terminal domain. This
FDP capabilities will also be provided in STARSstep will fully implement electronic flight data
during this period. Upgraded local informationmanagement by using flight objects and the NAS-
services with unique offshore interfaces will bavide information network. The common infra-
deployed along with the NAS-wide informationstructure will include flight data management
network. (FDM), surveillance data processing, and initial
. : TRACON/offshore automation decision support
é%e%aié(lzgggcﬂg é\;;fg;%(;ture Evolution— systems. '_Fhe goal is to achieve infrastructure
commonality (e.g., common hardware and system
Figure 22-11 depicts Step 4 of the offshore archisoftware). The applications software will be com-
tecture for the four offshore site mon where appropriate but will also comply with
the domain unique requirements necessary for op-
Anchorage erational suitability (see Section 23, Terminal).
This step initiates the evolution from the Micro- o
EARTS/OCS-R-based oceanic flight data marg2-2 Summary of Capabilities
agement, surveillance data processing, and initi@ceanic operational improvements are centered
oceanic ATC decision support systems to momround improved automation systems; procedural
advanced functionality and a common infrastruamprovements; and advanced communications,
ture with en route. The goal is to achieve infranavigation, and surveillance capabilities. In the
structure commonality (e.g., common hardwareear term, RVSM will enable increased airspace

« TRACONs /:\ - .
. 1 TRACON 1
. ,?E.%C 2 | ATCDSS b -------=--- .
S ¢ (CACP) 1|1 NASInfo.Svcs. |
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Figure 22-11. Offshore Architecture Evolution—Step 4 (200&and Beyond
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capacity, and ODL and DOTS Plus will supporpicts the evolution of oceanic and offshore
dynamic rerouting and separation verificationoperational capabilities.

Aircraft equipage and procedural improvements

will allow the separation standards to be reducezf-3 Human Factors

to 50 nmi lateral in more oceanic airspace. Human factors methods, principles, and practices
LWi|| be applied during the oceanic evolution pro-

Automation enhancements, multi-sector OD(: Understanding the h factors |
ADS-A, and AIDC will enable separation stan- ess. Understanding the human faclors 1SSues as-
ciated with the oceanic implementation of

dards to be reduced to 50 nmi lateral and 50 n) . o .
longitudinal in some oceanic airspace and th@i S.' '”?proved navigation tools, real-time com-
eventually in all oceanic airspace. Procedural i _unlcat[?ns, ‘an autc_)mateo! data e.’éCha’?g% be-
provements, in conjunction with separation fro IWEe.n prlot ‘."‘nd occ_eanllc service provider via data
the glass and stripless operations, may allow sep- Is required. Displays and decision support

aration standards to be reduced beyond 50/50 n PIS will support the goal_s of increa_sing erxibi'I-
ify and efficiency through implementing dynamic

in some oceanic airspace. Sharing common info outing (e tep climbs. cruise climbs. and o
mation between oceanic and domestic sites afid°" g(_ 9., SIEP CIMDS, Cruise ciimbs, P
iImum altitudes) and dynamic management of

international FIRs will improve coordination. ;
route structures (i.e., flex tracks and user-pre-

Migration to an enhanced en route/oceanic autéerred profiles).
mation system with advanced decision SUppoj“o achieve these goals requires a better under-
tools and dynamic sector boundaries will SUppOsttandin of which gecisions?to support and what
the capability for further reduction of oceanic sep-_~ .. 9 . ! PP

- specific functions DSSs will perform. Further-
aration standards. . :

more, to integrate the system across domains,

The NAS-wide information network will facili- boundaries, and authorities will require an in-
tate sharing control data for collaboration bedepth understanding of the communication pro-
tween national and international air traffic serviceess between controllers in the system and how
providers to determine the daily airspace structutbis process can be automated.

(bas_,ed on Weather,_ demand_, user prefergnces, EI"P\% human factors aspects of this new process
equipage), to identify and mitigate capacity prob-

" I¥Y be critical, since the improved communica-
lems, and to ensure seamless transition across

boundaries. The NAS-wide information networktI level and less rigid structure in the airspace

S , - . will need new methods for presenting information
will improve collaborative decisionmaking be-

tween FAA and usefsas will timely data link to controllers and other users.
sharing of information between the oceanic sefFhe primary elements of the required information
vice provider and the cockpit. Figure 22-12 deto make this transition include the definition of

|_
<
o

Dynamic Rerouting, RVSM, Flexible Tracks, more flights
achieve optimum altitudes, 50 nmi lateral implemented in some airspace

Supports 50/50 nmi, more A/C closer to wind-optimal
time path, enabled by shared sector responsibilities

Service
Improvements

Procedural improvements allow separation reductions beyond
50/50 nmi, more strategic planning, more user preferences and
requests granted. Improved coordination. More collaborative decisionmaking.

Figure 22-12. Oceanic and Offshore Operational Improvements
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service provider and user functions, decision praaformation transfer between users and oceanic
cesses, information requirements, and commurdervice providers.

cation processes that are necessary to accomplish

the goals. This information makes it possible ténclusion of the flight deck in some shared sepa-
integrate flight-strip information on the primaryration responsibility requires additional human

oceanic display in a manner that allows for thfyctors research to address the issues of flight

elimination of paper flight strips. deck information requirements and cross-system

Human factors guidance will be provided in théntegration. The issue of responsibility (e.g., spe-
area of oceanic automation and decision suppdific procedures and rules of the road) will be ad-
systems to ensure that they will provide the antidressed and resolved before shared separation
ipated user and service provider capabilities. Thiecisionmaking/responsibility occurs on the flight
DSS must detect deviations and account for rgeck. A concerted effort will be directed at deter-

quired oceanic procedural separation rules. Issq_@,%ing the capabilities and limitations of pilots

requiring resolution include accuracy and sensk,y controllers so that it will be possible to
tivity of the algorithms versus the false alarmChan e the oceanic concept of operations in a
rates that are acceptable to service providers. 9 . pt of op :
Tools must be developed to help system designér?nner that results in the requisite increase in ef-
understand what decisions should be supportdifiency and safety.

the best means to deliver the information to th8 iderable h tact i . ired
service provider, and how to elicit knowledge onsiderableé human factors guidance IS require

from experts during the algorithm developmenfor Successful transition between stages of the
process. oceanic system evolution process. This includes

] ) ) ) ) . implementing data link communications and pro-
Using oceanic data link to issue altitude assign;

sses and the transition from procedural separa-
ments, _frequency chgnges,_ clearancgs_, aﬂgn using paper strips to procedural separation
weather hazard alerts will contribute to efficiency. . . o
There are human factors issues to be resolved HN9 displays with integrated DSS tools.
garding the ability of oceanic service providers to "
ensure that the correct messages are sent, propédy* Transition
received, and acknowledged. Human_ factors '%he oceanic and offshore transition is shown in
search needs to be conducted to refine and ayg- 92.13
ment the human engineering guidelines for gure '
system development in data link communications _
to ensure that providers and users sustain or gf-4-1 Oceanic Elements
hance their current level of situation awarene
using data link communications during ocean
operations.

The process of TFM in future oceanic operations DOTS Plus implemented at Oakland and
will depend heavily on collaborative decision- New York

making. That is, information will be shared be- o

tween service providers and users so that both ODL, ISD controller tools, and initial AIDC
parties can optimize the process of flight schedul- deployed at Oakland and New York

ing, routing, and maneuvering. Human factors re-
search is required to develop alternative methods ODAPS hardware at Oakland and New York
for interaction between users and service provid- rehosted onto the same type of platform as the
ers to enhance oceanic flexibility. The research Host sustainment platform (HOCSR)

needed encompasses development of analytical

tools to evaluate the human factors aspects of hdw ADS-A software deployed at Oakland and
collaborative decisionmaking (CDM) will be con-  New York; communications server supports
ducted from the standpoint of communication and ODL, ADS-A, and AIDC

Sthe principal elements of the transition to the
ISceanic architecture are as follows:
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CcYy
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Oceanic Architecture Steps Stepl | Step 2 Step 3 Step 4
Oceanic |ODAPS ODAPS-R (HOCSR) / Enhanced Oceanic/En Route System
AIDC, ISD Controller
Tools Enhanced AIDC
CPDLC
OoDL ATN DL Common DLAP
DOTS + OTMS Common TFM DSS
ADS-A Software
Stripless Operations
Offshore Architecture Steps | Step1 | Step 2 | Step3 | Step 4
Offshore
ZAN DOTS + Enhanced Oceanic/
En Route System
ZAN OCS Rehost
ZHN
OFDPS OQAPSR (HOCSR) Enhanced
ZHN/GUAM ZSU Terminal System
STARS STARS

Figure 22-13. Oceanic and Offshore Transition

* OTMS functionality upgrades at Oakland and

New York
e TCA, Full-Fidelity Trainer, Enhanced AIDC

» Transition to stripless operations at Oaklane

and New York

 FDM prototype deployed as engineering test

bed

e Common DLAP supporting oceanic and do-

mestic data link

e Introduction of NAS-wide information net-
work

e Common oceanic/en route system deploy
at Oakland, New York, and Anchorage

STARS deployed at Guam and Honolulu

* Introduction of Local Information Services at
offshore sites

STARS deployed at San Juan

e Introduction of NAS-wide information net-
work at offshore sites

e Common terminal infrastructure for Hono-
lulu, San Juan, and Guam

« Common oceanic/en route system for An-
chorage

* Functional enhancements are implemented to
eq fully satisfy mid-term CONOPS.

22.5 Costs

« Common terminal/offshore system deployedhe FAA estimates for research, engineering, and

at Honolulu, San Juan, and Guam

e Functional enhancements are implemented
fully satisfy mid-term CONOPS.

22.4.2 Offshore Elements

development (R,E&D); facilities and equipment
(5&E); and operations (OPS) life-cycle costs for
oceanic and offshore architecture from 1998
through 2015 in constant FY98 dollars are
presented in Figure 22-14.

» The principal elements of the transition to the@2 g \watch Items

offshore architecture are:
* DOTS Plus implemented at Anchorage
* OFDPS replaced at Honolulu (HOCSR)
e OCS replaced at Anchorage

JANUARY 1999

A current study is investigating a number of inno-
vative alternatives to meet oceanic user needs and
FAA commitments to reduce separation stan-
dards. This effort focuses on an FAA/industry
partnership to deliver benefits earlier than is cur-
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1998 Constant Dollars

ORE&D
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 22-14. Estimated Oceanic and Offshore Costs

rently affordable with FAA funding. System ca-
pacity will not keep pace with growth in traffic
volume until improvements are made to the oce-
anic ATC system.

The oceanic and offshore architecture evolutiop
will require new procedures, regulations, stan-
dards, and certification of all systems whose fail-
ure could affect flight operations safety. New
operating procedures will be required for reduced
separation standards, flexible routing, and in-
creased use of automated information exchange
between aircraft, service providers, and interng-
tional FIRs. Standards for message formats and
content must be generated and agreed upon inter-
nationally.

Implementing oceanic capabilities and achieving

the oceanic and offshore functionality and subse-
guent operational benefits described in the archi-
tecture depends on adequate funding, which has
been and continues to be a problem. Thus, suc-
cessful implementation of the oceanic architec-

ture will depend on the success of related

activities in other domains (described below).

* Demonstrate the ability of ground automation
systems to process improved surveillance, in-
tent, aircraft state, and wind data from both
Mode-S downlink and ADS; to merge these

22-18 — (CEANIC AND OFFSHORE

data with radar data and pilot position reports;
and to display this information to controllers
with an acceptable computer-human interface
(CHI)

Timely deployment of ODAPS, OFDPS, and

OCS hardware supportability solutions that

solve the infrastructure replacement problems
in the near term and provide a bridge to the
new capabilities of the evolving systems nec-
essary to meet future requirements

The budget for incorporating some of the fu-
ture functionality is related to development of
common algorithms to provide this function-
ality across domains where appropriate. Ar-
eas where common functionality across
domains is anticipated are:

— Surveillance processing and ADS data fu-
sion in the terminal, en route, oceanic, and
surface domains

— Weather services
— Flight object processing (FDM)

— Functionality in some ATC DSS and safety-
related tools.

JANUARY 1999
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23 TERMINAL

The primary task of air traffic control (ATC) ins Integrated display of weather and aircraft po-
the terminal domain is to ensure that aircraft are sitions based on primary/secondary radar, and
safely separated and sequenced within the air- automatic dependent surveillance (ADS) in-
space immediately surrounding one or more air- formation

ports. Terminal automation systems provide the
terminal radar approach control (TRACON) facil-
ities with capabilities for controlling arriving, de-
parting, and overflight aircraft and provide tower  Automated exchange of real-time flight data
facilities with terminal radar aircraft situation dis- among aircraft, ATC facilities, airline ramp
plays. TRACON facility controllers, with support ~ control, and airline operations centers
from a co-located traffic management unit (TMU)  (AOCSs) to support collaboration

(at some high-activity locations), manage the
flow of air traffic in the terminal airspace.

Conformance monitoring, conflict detection,
and conflict probe functionality

Integration of surface and terminal automa-
tion.

The future terminal architecture accommodate%ese enhancements will allow for improvements
the projected air traffic growth through automa- , P

tion enhancements and procedural changes to iﬁy—Ch as

prove capacity, reduce maintenance costs, and Reduction and/or elimination of terminal area
provide the foundation for future enhancements. speed and altitude restrictions

A combination of ground and airborne automa;:
tion capabilities will allow flexible departure and
arrival routes and reduce and/or eliminate speed
and altitude restrictions in the terminal domain. /?31 Terminal Architecture Evolution

major driver of the terminal architecture is tQThe terminal architecture evolves from an infra
lower operations and maintenance costs by evolv:

T vl T o e o s f o A nd DOD
shore anq dom-estlc alr- traffic serwces-. STARS. The evolution of STARS includes pre-
As described in Section 22, Oceanic and Ofplanned product improvements3(Pto support
shore, the ATC automation systems at offshoighhanced functionality, as well as periodic up-

sites (Guam, San Juan, and Honolulu) will evolvgrades to ensure future maintainability and sup-
toward automation systems commonality with thgortability.

terminal domain. The concept of commonality is_ | ] ) ]
that the offshore facilities will evolve to the termi-Puring a four-step evolution, the terminal archi-
nal infrastructure and the applications software 48¢ture will integrate capabilities that will also
appropriate, but they will also utilize domain- an§atisfy many offshore automation requirements.

site-specific capabilities necessary for operationaf€ following diagrams show each evolutionary
suitability. step in a logical or functional representation with-

out any intention of implying a physical design or
The FAA and the Department of Defense (DODq)tion.

will replace all of their terminal automation sys- o
tems in the NAS with the Standard Terminal AuJhe STARS deployment program will install sys-
tomation Replacement System (STARS). STAREMS at 170 FAA and 36 DOD terminal facilities

is an all-digital system based on an open syste?¥er approximately 6 years. The current equip-
architecture. ment (i.e., automated terminal radar system

_ _ _ .. (ARTS 1A, lIE, llIIA, IE)) and associated dis-
The terml_nal architecture Wlll_t_a'\_/olve to prov'deplays and peripherals and the DOD programma-
the following enhanced capabilities:

ble indicator data processor (PIDP)) will be de-

e Improved arrival and departure sequencingommissioned. STARS 3B will incrementally
based on surface traffic, airline preferencegrovide new functionality and enhancements (see
and traffic flow information Figure 23-1).

Flexible departure and arrival route structures
and possible reduced separation.

|_
<
o
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Step 1 Step 2 Step 3 Step 4
(Current-"00) ('01-'04) ('05-'07) ('08+)

Prototypes
s pFAST*
* ITWS

aFAST
w/ Wake Vortex

\

ATC DSS
and Enhanced
Terminal

System

PRM via
ADS

* FFP1 Capability
Figure 23-1. Terminal Architecture Evolution

23.1.1 Terminal Architecture Evolution— (MSAW). Conflict alert and MCI are automated
Step 1 (Current-2000) safety functions that detect unsafe proximity be-
In this step, current terminal automation systenfyeen aircraft pairs and provide visual and aural
will begin to be replaced with more modern sysalerts to controllers. MSAW detects proximity be-
tems that provide the foundation for future entween tracked aircraft and terrain and/or obstruc-
hancements (see Figure 23-2). Step 1 consiststi@ins and provides controllers visual and aural
the current automation systems and the initigllerts. ARTS IIA systems are being updated to
STARS implementation. ARTS IIE in order to provide these safety

Current Automation Systems functions.

The current terminal automation systems CONSIgRTS acquires and maintains aircraft identifica-
of computer processing and display systems thab, predicts future locations and altitudes, dis-

are used in conjunction with airport surveillanc . : ;
o lays the information directly to a controller, and
radars. The current systems used within the TRA- y y

CON are FAA configurations of the ARTS anatransfers the information to the next controller re-
the DOD PIDP (collectively referred to as ARTS)sponsibIe for the aircraft. It associates the tran-
ARTS began with the ARTS | in 1964, thersponder code received from the aircraft via the
evolved into several configurations. The ARTSecondary radar surveillance system with the as-
IIA and ARTS IIE are designed to provide autosigned transponder code contained in the flight

mation support to air traffic controllers at small tgplan (received from the en route host computer).
medium-sized TRACONSs, and the ARTS IlIIA
and ARTS llIE are designed for larger TRA-ARTS provides TRACON controllers with con-

CON:s. tinuous alphanumeric information on radar and

ARTS satisfies the requirements for tracking anﬂata displa;_/s. This information,_ displayed_ in a

identifying aircraft. In addition, the ARTS IlIA data block, includes the aircraft identity, altitude,

IE, and IIIE systems provide additional safetyhe type of aircraft, ground speed, any special eq-
functions, such as conflict alert, Mode-C intrudewipage of the aircraft, and, if applicable, the emer-
(MCI), and minimum safe altitude warninggency status of the aircraft.
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Prototype Interface with

« ARTCC | Select ARTCCs
Infrastructure Improvements Displavs
! <ATCT [~ e

' +STARS 1 to TDW Flight
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I

* PRM Standalone [———————n
« ITWS Prototype at Three Sites :———: STARS :
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« Color Workstations ) I PRM
+ PRM Standalone at Four Terminal and m—————— | | (Standalone)
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| FAST
TOUR [Pt e ' PFr)ototype
(Three Sites)) I
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Systems . [ I S S a
D Planned @
Functionality | TRACON

Figure 23-2. Terminal Architecture Evolution—Step 1 (Current-2000)

Specific ARTS versions also support use of thprint paper flight progress strips for use by termi-
Final Monitor Aid (FMA), Converging Runway nal and tower controllers.

Display Aid (CRDA), and Controller Automation o

Spacing Aid (CASA). FMA monitors aircraft on Other Current Capabilities

final approaches to parallel runways and provideseveral other capabilities currently exist or will
controllers visual and aural alerts when approache introduced into the terminal domain during
ing aircraft are predicted to enter a nontransgreStep 1.

sion zone between parallel runways. CRDA ang

CASA are algorithms and display features that a%?:tivity TRACONS. a TMU serves as the inter-

sist controllers in merging arriving traffic into a . .
. face with the enhanced traffic management sys-
final approach sequence. CRDA and CASA funct'em (ETMS), the backbone of the current national

tionality assists controllers in visualizing the relag & ¢ management (TFM) system (see Sec-
tionships between aircraft on different flight path%On 20, Traffic Flow Management). The TMU
: e ) Ofrovides a projection of aircraft demand for pri-
tween aircraft to maximize capacity. CRDA iS5y airmorts via the monitor alert functions and
used at airports with converging runways thghe “aircraft situation display. Monitor/alert in-

have straight-in approaches. CASA is used at ai5rms the traffic management coordinator when
ports with curved approaches. projected traffic flows will exceed capacity and

rovides a means for adjusting flows in coordina-

The digital bright rf_;ldar indicatqr tower equipmenﬁon with the Air Traffic Control System Com-
(DBRITE) system is a tower display that presents . .4 Center (ATCSCC) and the AOCs.
radar/beacon, weather, and ARTS data to tower

controllers. Center TRACON Automation System (CTAS)/
passive Final Approach Spacing Tool (pFAST).
Flight Data Input Output (FDIO) is a separate sysA CTAS/pFAST prototype is in operation at the
tem that provides a capability for terminal conballas-Fort Worth TRACON, interfacing with the
trollers to enter and retrieve aircraft flight plansARTS-IIIE. Based on its mature status as a re-
into and from the en route host computer and &earch and development prototype program,

ir Traffic Management. Within certain high-
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CTAS/pFAST was selected for deployment at adfower Interface Systems

Capabilities Limited Deployment (FFP1 CCLD)Movement Area Safety System (AMASS) and the
to provide early benefits to ATC and NAS users igyrface movement advisor (SMA), require an in-

the terminal domain. pFAST is an automation toqkrface with the terminal automation system to re-
that assists terminal controllers in sequencing ag@ive track and flight information.

spacing arrival traffic. pFAST integrates radar .

sensor, flight plan, aircraft performance, an irport - Movement Area Safety System.
weather data. The pFAST processor algorith MASS, currently a prototype system at the De-

sequence and merge aircraft approaching the a.rrglt and St. Louis airports, will be deployed to 34

port from different directions. Aircraft are mergeoa'rports' It.alerts tower qontrollers to poFennaI air-
! . ) craft conflicts on the airport surface via audible
into a steady arrival stream, which balances ru

o : . - Lautions and warnings and visual information su-
way utilization, increases traffic-flow efficiency,

. erimposed on the airport surface detection
and helps pilots conserve fuel. pFAST sends t %uipr%ent (ASDE)-3 disglay (see Sections 16,

aircraft and sequencing data for display at cor,eijlance, and 24, Tower and Airport Surface).
troller workstations. The pFAST functionality is

modular and will be developed in several increSurface Movement Advisor. The SMA proto-

mental builds that will progressively increase théype developed at Atlanta is planned for imple-
tool's sophistication. mentation at selected facilities. The prototype

shares information among air traffic, the airlines,
Integrated Terminal Weather System (ITWS). and the operations community. However, to pro-
ITWS, currently a prototype system at three locavide early benefits to users as part of FFP1
tions (Dallas-Fort Worth, Orlando, and Memphi$CLD, SMA has been redefined to provide a
TRACONSs), functions as a weather server in th@®rm of limited collaborative decisionmaking
terminal domain. ITWS integrates weather frordCDM) capability. Specifically, initial SMA for
terminal Doppler weather radar (TDWR) and airFFP1 CCLD will provide aircraft arrival, depar-
port surveillance radars (ASRs) for display at teftiré, and airport status information via ARTS to
minal facilities. It also provides alerts and shor@ifine ramp control operators (see Section 24,
term forecasts of terminal weather conditions (se€?Wer and Airport Surface).

Section 26, Aviation Weather). STARS Implementation Phase

Parallel Runway Monitor (PRM). PRM allows Current automation systems will be unable to
independent simultaneous parallel approaches UReet growing traffic demands or readily incorpo-
der instrument meteorological conditions (IMCyate new functionality. The FAA needs an open,
for parallel runways spaced from 3,400 to 4,3ogxpandable terminal automation platform that can
feet. The PRM consists of an eIectronicaII;ﬁccommOdate current and future needs. STARS
scanned surveillance radar with 1-second updadl! replace the various ARTS systems at FAA
and a high-resolution color display. PRM requires RACONS and PIDP at DOD facilities with mod-
track and flight plan data from the terminal auto€™ displays and distributed processing network
mation system. Currently a one-way interfac@rCh'teCtures' STARS will also replace DBRITE

from ARTS to the PRM has been defined with the tower display workstation (TDW) to pro-
' vide equivalent ATC operational functionality.

PRM provides controllers with visual and aura5TARS provides a standard automation architec-
alerts when an approaching aircraft is predicted {@re that is scalable across all TRACON facilities.
blunder into the nontransgression zone betweenwill reduce costs for software changes, improve
the runways. It was commissioned at Minnesoftware portability and documentation, reduce
apolis-St. Paul in 1997 and St. Louis in 1998 anglardware and software maintenance and training,
is scheduled for implementation at threand provide the capacity for future growth.
additional terminal facilities (New York (John F.STARS will also provide color displays for termi-
Kennedy Airport), Philadelphia, and Atlanta).  nal and tower controllers (i.e., terminal controller
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workstations (TCWSs) and TDWSs) to increase th23.1.2 Terminal Architecture Evolution—
amount of information that can be displayed an8tep 2 (2001-2004)

to improve data discrimination. STARS requires

digitized radar data from surveillance systemgUring this period, deployment of STARS to all
(see Section 16, Surveillance) to process trackifg”® TRACONS will continue, as will national
and will provide multiple radar sensor trackingiePloyments of CTAS/pFAST, PRM, AMASS,
and mosaic display. and ITWS (see Figure 23-3). STARS Blanning

includes a limited set of FDP capabilities to en-
STARS functionality will be delivered in three ca-hance STARS. STARS will replace the Micro-
pability configurations. The early display config-processor En Route Automated Tracking System
uration (EDC) will interface with the existing (MicroEARTS) systems at two offshore facilities
ARTS via the automation interface adapter (AlA)(Honolulu center radar approach control
The ARTS backroom equipment provides the prdCERAP) and Guam) (see Section 22, Oceanic
cessing capability using STARS displays. and Offshore).

The STARS initial system capability (ISC) and fi-Functionality enhancements to STARS will be
nal system capability (FSC) configurations modprovided in a series of “packages.” It is antici-
ernize the automation of terminal facilities angbated that these packages will be implemented
provide a single automation solution, while overene per year for several years. The first planned
coming the deficiencies of the current termingbackage includes interfaces to pFAST, PRM,
automation systems. (FSC will not be impleAMASS, and SMA. These systems, which had
mented until Step 2.) STARS also provides abeen interfaced to ARTS as prototypes, will begin
evolutionary path to provide new functionality asiational deployment. The All Purpose Structured
it becomes available. FSC will incorporate FMAEUROCONTROL Radar Information Exchange
CRDA, CASA, and a maintenance interface to thtASTERIX), free-form text, and terminal control-
operational control centers (OCCs). The OCC irer position-defined airspace will also be imple-
terface will be used for remote monitoring andnented. Definition of these STARS enhance-
control of STARS. ments follow:

occ
Infrastructure Improvements TDWR
| \STARSISC,FSD,andP¥l ! Displays to ASR9
! 70, an . ATCT oW NEXRAD
!« Integrated Maintenance ! \
1 Monitoring Workstation | l
S \
Functional Enhancements | TRACON L___. R -
|
« CTAS Passive FAST |\L003| Info. Sve.l L WS |
*PRMonSTARS [ | S |
+ ITWS Standalone i S:-OACszsing
+ Local Data Sharing ASR STARS ———1
« ITWS Wx on Controller Comm. Proc. I ggld STARS
Display =
+ FDP Upgrade I * CTAS/pFAST
! «PRM
I * ASTERIX
Legend I « Wx Overlay
L1 inpoverens Local Wx Local Wx } e !
Functional Sensors Dlsplays ’__ T TCW |
Enhancements i I::::::::
I:l gur;emJEnhanced |L _:. STARS I
ySiems ~—~~ Maintenance !
| o
pamed - | Monitoring |
y L4
TRACON l

Figure 23-3. Terminal Architecture Evolution—Step 2 (200£2004)
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All Purpose Structured EUROCONTROL Ra- tomated Surface Observing System (ASOS) (or
dar Information Exchange (ASTERIX). Thisis the DASI) for automated input of local barometric
a digital surveillance message format currentlgressures, thereby reducing controller workload
being standardized under the leadership of Eldnd the possibility of data entry error.
ROCONTROL! ASTERIX will permit a sensor

to transmit surveillance data with increased precBTARS/STARS Interfacility Interface. Cur-
sion and a unique aircraft identification code ifiently, the interface between terminal automation
the target position report. This identification willsystems is via the en route Host computer system.
be used for surveillance processing/tracking arelTARS-to-STARS interfacility communications
separation assurance function enhancements. AgH allow a STARS facility to exchange data di-
TERIX will enable other surveillance processingectly with up to seven other STARS facilities.
enhancements, such as selective interrogation ($his change will increase operational and techni-
and processing automatic dependent surveillanaeal efficiency and reduce the Host workload.
broadcast (ADS-B) data (see Section 16, Surveil-

lance). ASTERIX will be implemented with theFlight Data Input/Output Integration Into
interface to the ASR-11, ATCBI-6, and Mode-SSTARS. The current FDIO in the TRACON facil-
radar systems being procured. ities will be replaced. Integrating FDIO into
STARS will include FDIO keyboard and display

Free-Form Text. This function allows the con- functionality at the TCW and a flight strip printer.
troller to input and place alphanumeric text any-

where on the STARS TCW/TDW displays. Thesyeijllance  Processing ~ Enhancements.

function replaces handwritten notes that are UsR&rARS inherent capabilities allow use of en-

during the controller relief briefing. Free-formy,nceq syrveillance algorithms, information, and
text is a safety enhancement to ensure informatiqycessing functions. These improved surveil-
is available and in view of the controller. lance capabilities depend on the ASTERIX mes-
Terminal Controller Position-Defined Air- sage format described above. The implementation
space.This allows the controller to define an airof ASTERIX enables tracking, conflict alert, and
space (i.e., temporarily restricted airspace) arldode-C intruder alert algorithms to be improved
display it on the TCW/TDW. This capability en-due to increased precision of position reporting,
sures safe operations in the vicinity of special avihe surveillance file numbers correlating targets to
ation activities (e.g., parachute jumping) and wiliracks, and the time stamps for target reports.
facilitate other safety critical operations, such as

release of instrument flight rules (IFR) traffic alTWS Weather on Controller Displays. Ini-
uncontrolled airports, release of volumes of aittially, ITWS will be a stand-alone system with the
space to other sectors, and providing remind&reather data available to terminal controllers on
messages for procedures temporarily changed dsgparate displays. Later, ITWS weather informa-
to equipment outages or weather conditions.  tion will be displayed on STARS. This capability
will provide convective and hazardous weather
detection and prediction information (from ITWS
outboard processing) directly at controller posi-
Automated Barometric Pressure Entry tions, thereby increasing efficiency and safety.
(ABPE). Currently, controllers manually enter theAt sites that are not receiving ITWS, the ASR-9
barometric pressure reference used by the termieather system processor (WSP) will be inter-
nal automation system. The current setting is olfaced to STARS to display windshear information
tained from direct-reading instruments or digitabn the TCW.

altimeter setting indicators (DASIs) or the nearest

weather reporting station. The altimeter settingraffic Management Interface Enhancements.
affects an aircraft's altitude displayed to the corfhe ETMS upgrade is a two-way interface that
troller. ABPE adds a STARS interface to the Auwill permit display of ETMS data on the TCW.

Candidates for other3Ppackages to be imple-
mented during this period include:

1. The European Organization for the Safety of Air Navigation.
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Another candidate functionality for implementafrom the sensors to TRACONs and from the
tion (depending upon funding) during this timeTRACONS to other ATC facilities.
period is:

. Introducing aircraft and surface vehicle ADS-B
Flight Data Processor (FDP) Upgrade.Cur- information processing and surveillance data fu-
rently, flight data are processed by the en routgon will allow enhancements to the terminal
Host computer at the ARTCCs. The offshore sitagacking and safety functions. Surveillance data
are not within ARTCC airspace, and thus are ”‘E&ocessing of aircraft and surface vehicles will fa-
supported by this FDP capability. A limited set Ofjjitate integration of terminal and tower data

FDP capabilities is required for STARS to fullyfom a single automation source such as STARS
replace the current MicroEARTSs and unique Ioca(gee Figure 23-4).

FDP systems at Honolulu, San Juan, and Guam

(see Section 22, Oceanic and Offshore). Als :

FDP capabilities in STARS will reduce depen%uwelllance Data Processor (SDP)
dence on the en route automation system. As secondary radar systems with selective inter-
rogation (SI) capability are implemented, ground
automation system changes will be incorporated
to effectively interface with these systems.

23.1.3 Terminal Architecture Evolution—
Step 3 (2005-2007)

STARS will be delivered to a third offshore facil-

ity (San Juan) during this step. TRACON automation will permit acceptance and

processing of ADS-B position reports and the in-
Electronic flight data management (FDM) will betegration and fusion of ADS-B data with radar

introduced through a prototype flight object prodata. TRACON automation processing will be ex-

cessor. TRACON data will be routinely availablgpanded to integrate terminal radar and surface
throughout the NAS via local information sharingsurveillance data, including ground vehicles oper-
and the NAS-wide information network. (see Seating on the airport surface movement area. The
tion 19, NAS Information Architecture and Ser-end result is the integration of airborne and sur-
vices for Collaboration and Information Sharing)face surveillance information on the tower dis-

Real-time surveillance data will be distributeglays.
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<
o

Improvements

Functional
Enhancements

I:l Current/Enhanced
Systems

N

CJ Planned
Functionality

1 CTAS

TCW

«OCC
« TRACON
Infrastructure Improvements| « ATCT
I« Oceanic Offshore ' * ARTCC
| Commonality E /_/ *« ATCSCC
|+ Initial NAS-Wide ; * AGC
i Information Network ' NEXRAD — N
!+ STARS P3| ! JR— T T
. . TDWR s (" TRACON
Functional Enhancements AD O P 1 Localinfo. | | ITWS
* ADS-B Processing (Aircraft and Surface-VehicIes) E I Services I
+ Flight Object Prototype . i (Add NAS Inte_rface| TRACON
« Initial NAS-Wide ASR ! _and Scheduling) / Initial FDM
Information Sharing F Flight Info Obj
+ ADS-B Surface Processing ° Prototype
M
5 STARS P¥l
Legend é ] * Safety
I" 71 Infrastructure N Enhancements
N
E
T
w
o)
R
NS/

Figure 23-4. Terminal Architecture Evolution—Step 3 (20052007)
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The integration of ADS-B data with data fromdata (defined in Section 19, NAS Information Ar-
surveillance sensors will require development of ehitecture and Services for Collaboration and In-
multisensor fusion tracker. This ability to comformation Sharing). This capability at TRACONS
bine target reports from multiple sources to fornwill eventually reduce terminal system depen-
a single track takes advantage of overlapping sethence on ARTCC automation.

sors and ADS-B data. This capability will M As local systems are replaced or new systems de-

prove the accuracy and_avallab_lllty of a”cfa.ft po\'/eloped, commercial data base management sys-
sition data, potentially increasing the efficienc

and safety of terminal operations and reducin r¥qms will be used. This will enable data sharing
y P 9 e.g., flight plan information, radar and weather

Il_ance on any one sensor. Development .Of alg ata, maintenance information) between the vari-
rithms for terminal and en route data fusion wil

be done jointly, and fused surveillance data wi us local terminal automation systems and appli-

be available for distribution to other TRACONs-LIONS (See Section 19, NAS Information Archi-

. S X ecture and Services for Collaboration and Infor-
\z;tvr:)orIkARTCCs via the NAS-wide information net-rnation Sharing).

; 3.1.4 Terminal Architecture Evolution—
PRM currently depends on a special eIECtrongéep4(2008—2015)

cally scanned radar to provide the rapid updat
necessary to perform its monitoring function. BeThe logical terminal architecture is illustrated in
cause of the update rates available with ADS-B;igure 23-5. The evolution of the terminal auto-
TRACON automation will be able to providemation system toward a common hardware and
PRM functionality at many more facilities at asoftware infrastructure for the offshore facilities

significantly lower implementation cost. will be accomplished in Step 4. Oceanic offshore
automation system functionality will be fully inte-
Safety Enhancements grated into the enhanced terminal offshore sys-

Conflict alert, MCI, and MSAW are existing tem. An FDM will be implemented to replace ex-
safety functions. The enhanced surveillance préating offshore and terminal FDP capabilities. The
cessing and tracking previously discussed wiffPM expands on the FDP functionality and will
improve the probability of detection and reduc@se_fllght objects to Q|ssem|n_ate flight status and
the false alarm rate associated with these fung@ffic management information. The enhanced
tions. Merging approach and departure traffic wilf'minal and offshore system will provide an im-
improve the effectiveness of conflict alert andProved surveiliance data processor for aircraft and
runway incursion logic, and the display of bottfurface vehicles. This automation system will al-
types of traffic on the same controller screen wilPW more integrated surface and airspace opera-
improve situational awareness and safety. Incof©ns, enabling the airport IFR capacity to more
porating intent data acquired through ADS-B wilf!0Sely approach visual flight rule (VFR) capac-
also improve conflict alert performance. ity.

) ) , A common, modern platform infrastructure will
Flight Object Processor Prototype and Flight  oide for development of many advanced ATC
Data Management (FDM) decision support systems (DSSs). The controller,
Currently, the ARTCC automation performs flightiraffic flow managers, airline operation centers,
data processing for all aircraft within its assignegilots, and other NAS users will have access to
airspace, including aircraft under TRACON conthe same DSS and information, which will enable
trol. The limited set of prototype STARS FDP caa collaborative decisionmaking capability. The
pabilities developed in Step 2 for the offshore faFRACON ATC DSS will integrate conformance
cilities will be enhanced to provide FDM capabil-monitoring, conflict resolution, and conflict probe
ities. This will be a coordinated effort with the ercapabilities as a coordinated set of controller
route FDM development and may become thiols. The reliance on paper flight strips will de-
model for the ultimate NAS-wide FDM. Thiscline. pFAST capabilities will be upgraded to ac-
FDM is an evolution from today's flight data protive FAST (aFAST) with greater precision in air-
cessing capability that permits use of flight objeatraft sequencing through recommended speed and
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Figure 23-5. Terminal Architecture Evolution—Step 4 (2008-2015)

heading adjustments and aircraft wake vortex ifFhe NAS-wide information network will conform
formation in the spacing calculations to increas® NAS-wide data standards, incorporate multi-
safety. level access control and data partitioning, provide
data security, allow real-time data accessibility
Data link capabilities will migrate from the ser-yvia queries, and assume all data routing and distri-
vice provider capability in the tower domain topution functions, including data link. (see Section
the next-generation communication systems (e.d.9, NAS Information Architecture and Services

NEXCOM). Full ATN-compliant controller-pilot for Collaboration and Information Sharing).
data link communications (CPDLC) Build 3 ser-

vice will support air-ground data exchange. Th&3.2 Summary of Capabilities

enhanced terminal automation system will usgyq|ytionary refinements to terminal automation
data link for communications and ADS-B t0 progystems will result in DSSs that support flexible
vide more accurate aircraft position reportingjeparture and arrival routes by using satellite-
This will allow more efficient use of terminal air-p5ceq navigation and improved communications
space and application of revised separation assifig surveillance capabilities. Surveillance data
ance standards. Eventually, with improved,scessing will be performed in the terminal do-
ground-based separation assurance and decisigfsin using a common processing system for both
making tools, used in conjunction with advanceflgpendent surveillance data and radar/beacon

cockpit display of surrounding traffic, pilots mayyata for ground and airborne traffic (see Figure
be able to fly self-separation maneuvers durings_gy

IFR conditions in the terminal area. This provides
the capability to achieve VFR runway acceptancEhe NAS-wide information network will provide
rates during IFR conditions. exchange of real-time flight data among aircraft,
ATC facilities, and AOCs, enabling a collabora-
An upgraded TDW that supports the integratiotive decisionmaking capability. Terminal automa-
of tower automation functions with terminal autotion improvements will also provide new inter-
mation will be provided (see Section 24, Towefaces for communications with external systems
and Airport Surface). (e.g., CTAS/pFAST, PRM, SMA, AMASS, and

|_
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Improved sequencing and spacing for merging streams of traffic and assigning
aircraft to runways increases flow efficiency and helps pilots conserve fuel

New/improved sensors and model data received and fused, providing enhanced short-term forecasts

Terminal displays (STARS P®l) provide convective and hazardous
weather detection and prediction - Increased efficiency and safe

Controller receives accurate GPS position, velocity, and intent data

Surface and airborne surveillance integrated on tower/terminal display

Integrated
Terminal
Surveillance

CTAS
Passive
FAST
FFPL

VFR-Like
OpsinIFR
Conditions

Improved Active
Wx on

STARS

ITWS

Standalone GPS Data

via SSR

CPDLC
Build 3

More efficient spacing, increased operations in wake vortex conditions

Self-separation during terminal IFR
operations - Reduces variance between VFR and IFR

Figure 23-6. Terminal Architecture Evolution

ITWS). These new interfaces will add the capanicate with pilots more effectively, manage termi-
bility to provide automation-generated data, suchal airspace more efficiently, and to potentially
as tracks and flight plans to external systems, asable significant user cost savings.

well as a capability to receive and process data

from external systems. In addition, the improve23.3 Human Factors

ments will support surveillance system enhance- o

ments, improved weather display, data link, anyew hardware and software tools will improve

conflict alert and Mode-C intruder alert enhancehe way controllers conduct terminal operations
ments. and provide traffic management services. Human

) ) ) ) factors efforts will focus on enhancing controller
The terminal automation suite will process Surﬁ)erformance through:

veillance data for surface vehicular traffic as we

as aircraft for use in both the tower and terminal  Upgrading the human interface with commu-
areas. The terminal automation suite will migrate nications, new surveillance sources, and
to an enhanced terminal/offshore automation sys- DSSs

tem that will evolve to a full set of TRACON

ATC DSSs and TFM DSSs. The NAS-wide infor»  Using results from simulations and cognitive
mation network will improve collaborative deci-  modeling for decision support tools to facili-

sionmaking between FAA and users. tate aircraft, ATC, and airline operations real-

The terminal automation system will use a digital time flight data sharing

data communications channel between terminal Enhancing procedures for using surface, air-
controllers and the aircraft in terminal airspace. line operations, and traffic-flow information
This channel will supplement the controller's ex- o collaborative decisions involving arrival
isting voice channel, and will allow the controller and departure sequencing

to move many of the regular and routine functions

from the voice (very high frequency (VHF)) radio.  improving displays of new information in-
communications to a second, parallel communica- volving airport surface movement, aircraft
tions channel. Studies have shown that this termi- tracks, flight plans, and weather

nal data link application, computer-human inter-

face (CHI), and second data communicationrs Changing training concepts to support such
channel will help terminal controllers to commu-  tools and new technologies as data link.
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23.4 Transition are presented in constant FY98 dollars in Figure

The terminal domain transition schedule is show%3'8'
in Figure 23-7. These capabilities will be de-23_6 Watch Items

ployed during the transition: o _ _ _ _
Achieving terminal functionality and operational

* STARS deployment benefits within the schedules and budgets de-
« STARS B scribed in the architecture depends on the funding

_ and success of the following funding activities:
— CTAS/pFAST, PRM, AMASS, SMA inter-

faces, Free-Form text, and ASTERIX e Timely deployment of STARS to solye the in-
. frastructure replacement problems in the near
— PRM internal to STARS term and provide a bridge to the new capabil-
_ CTAS/a FAST ities of the reengineered terminal system

«  Surface ADS-B, terminal-offshore integration” Deémonstrate, as a part of Safe Flight 21, the
ability of ground automation systems to pro-

+ Data link via NEXCOM cess improved surveillance, intent, aircraft
. s state, and wind data from both Mode-S down-
SDP, SDP-to-off-shore link and ADS, to merge these data with radar
 Initiate STARS Hardware Upgrade 1 (Repeat data, and to display this information to con-
at 6-year intervals) trollers with an acceptable CHI. Results of
these demonstrations would include process-
ing algorithms and CHI standards that could
« Terminal-tower integration. then be incorporated into the terminal core
functionality between 2005 and 2008.
23.5 Costs

The FAA estimates for research, engineering, an'd Success of the FFP1 CCLD prototypes for the

development (R,E&D); facilities and equipment terminal domain (CTAS/PFAST).
(F&E); and operations (OPS) life-cycle costs foiThe budget for incorporating some of the future
the terminal architecture from 1998 through 201functionality is related to developing common al-

» Enhanced terminal functionality
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Figure 23-7. Terminal Automation Transition
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Figure 23-8. Estimated Terminal Automation Costs

gorithms to provide this functionality across do» Common functionality in some ATC DSSs
mains where appropriate. Areas where common and safety-related tools.

functionality across domains is anticipated are:
It is understood that this development process will

* Common surveillance processing and ADSfcrease dependencies between domains, but it is
radar data fusion in the terminal, en route, anglso understood that current budgets do not allow

surface domains separate development in each domain. Therefore,
« Common weather services it is essential that many of these efforts begm in
the near-term to reduce long-term production
» Common flight object processing risks.
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24 TOWER AND AIRPORT SURFACE

Operated by the FAA, the Department of Defengaveen service providers and actively controlled
(DOD), contractors to the FAA, and nonfederahircraft but also among all users located at the air-
organizations, airport traffic control towerport. This exchange will enhance operational effi-
(ATCT) facilities are primarily responsible for en-ciency and safety of aircraft movement on the air-
suring sufficient runway separation between langsort surface.

ing and departing aircraft. ATCTs also relay in
strument flight rules (IFR) clearances, provid
taxi instructions, and assist airborne aircra
within the immediate vicinity of the airport.

This section describes the capabilities and associ-
ted systems that are envisioned as part of the ar-
hitecture for the tower/airport surface domain. It

focuses on the evolution of automation in ATCTSs.

The concept of operations (CONOPS) calls for inFhe evolution and expansion of data link services

tegrating arrival and departure services with aiin the airport environment was described in Sec-

port surface operations. Future tower and airpaibn 17, Communications. The airport architecture
surface capabilities include: is discussed in Section 28, Airports.

» Improved information exchange and coordiFigure 24-1 depicts the future ATCT architecture
nation activities, including expansion of datdor high-activity towers, which includes the fol-
link capabilities to more users at more airlowing components:

ports e Controller workstation networks

* Automation to enhance the dynamic planning Dedicated ATCT local area networks (LANS)

of surface movement, balancing runway de-
mand, and improving the sequencing of air-
craft to the departure threshold

Automation to improve the identification and’
predicted movement of all vehicles on the air-
port movement area, including conflict advi-
sories .

Safety and efficiency enhancements by plan-
ning an aircraft's movement such that a flight
can go directly from deicing to takeoff with-
out risk of requiring another deicing cycle
due to taxi delays .

Integration of surface automation with depar-
ture and arrival automation so that the arrival
runway and taxi route are optimally assigned
with respect to the gate assignment (Current

and projected areas of congestion on the sur-

for transferring data and information between
facilities

Enhanced next-generation information dis-
play systems (E-IDS5¥or consolidating sta-
tus and control devices in the tower cab

Upgraded tower display workstations
(TDWSs) for integrating tactical and strategic
decision support applications and facilitating
the addition of newer capabilities into tower
cabs

LANs in terminal radar approach control
(TRACON) and air route traffic control cen-

ter (ARTCC) facilities will communicate via

aeronautical telecommunications network
(ATN)-compatible routers over a wide area
network (WAN) with an ATCT LAN.

face, runway loading, and environmental conkow- and moderate-activity towers will have less
straints will also be taken into consideration.functionality and a limited number of display

Increased collaboration and information shafYP&S:
ing among users, service providers, and aixTCT Architecture

port management to create a more comple

Eontroller Workstations. The long-term goal of

|_
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picture of airport demand. the tower architecture is to create a modular

The goal in the tower/airport surface domain is tavorkstation with three displays to present alpha-
improve the exchange of information not only beaumeric data, radar and weather information, and

1. E-IDS will be developed from the current Systems Atlanta Information Display System (SAIDS) and ASOS controller equip-
ment (ACE) functionalities.
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Figure 24-1. Future Airport Traffic Control Tower Functional Architecture

communications access and control informatior24.1 Airport Traffic Control Tower Architec-
This basic workstation can be configured to thaure Evolution

specific needs of each type of controller positionrhe ATCT architecture includes the overlapping

Many positions in the tower cab do not requirgieps shown in Figure 24-2. Step 1 maintains all
three displays. Wherever possible, controllegrrently installed tower systems, including the

workstatlons_ will be configured to re_duce th%ajor ones purchased by regional or airport au-
number of displays. The clearance delivery posjnorities. The three subsequent steps will replace
tion, for example, might use a single display fogarious devices in the tower cab with new auto-
predeparture clearance (PDC) delivery informanation, integrating functions in the tower cab and
tion and for communications access and Contr(?hterfacing with the NAS-wide information net-

The local controller will likely have one displayork, described in Section 19, NAS Information
for airborne traffic, another for surface traffic, anthrchitecture and Services for Collaboration and

a third display presenting consolidated status angkormation Sharing.

control information. Some displays may.

incorporate touch-screen and/or voice recognitioh€ first improvement deploys the Airport Move-
capabilities to reduce the amount of heads-dowReNt Area Safety System (AMASS) and the ini-

time spent on keyboard and trackball data entry.t?""_I surface movement advisor (SMA) to high-ac-
tivity airports. AMASS detects and alerts tower

Automation Enhancements.Data and informa- controllers of actual and potential runway incur-
tion will be processed to provide new services anglons. Initial SMA, as defined for the Free Flight
improve existing services displayed on the tow@hase 1 Core Capability Limited Deployment
color display, which is suitable for high ambien{fFFP1 CCLD) (see Section 6, Free Flight Phase 1,
light conditions. New applications will include in- Safe Flight 21, and Capstone), provides a one-
tegrating and rehosting existing functions ontay feed of aircraft arrival, departure, and status
controller displays. information to ramp control operators.

NAS users outside the tower (such as airpofthe existing digital bright radar indicator tower
managers, airline dispatchers, and ramgquipment (DBRITE) displays will be replaced
controllers) who need access to NAS informatiohy the TDW displays procured under the Standard
will connect with the tower LAN and, whereTerminal Automation Replacement System
appropriate, over the interfacility WAN. Access tqSTARS) program (see Section 23, Terminal).
the WAN will be restricted by suitable dataAbout the same time, data link delivery of taxi
security and integrity precautions. clearances (DDTC) (the prototype currently being
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Figure 24-2. Airport Traffic Control Tower Architecture Evolution

evaluated in Detroit) is anticipated to be deployefiliture ATCT architecture. This step establishes a
nationally to provide new capabilities to thenationally managed maintenance program to im-
ATCT domain. E-IDS will be deployed to consol-prove configuration management and the coordi-
idate status and control devices in the tower cabpation and maintenance of the many nonstandard

A fully operational surface management syster'%).wer systems, including those purchased by re-

(SMS), which evolved from the Atlanta airportglonal or airport authorities.
prototype of the SMA, will be installed at high-
activity airports. An upgraded TDW will be im-
plemented in high-activity towers, which will en-
able controllers in those towers to monitor bot

surface and airborne traffic via an integrated su i -
veillance display, configurable to the particula?em that provides tower controllers the capability

needs of the control position in the tower. (Som® réceive and disseminate locally determined air-
positions may still use two situation displays—POrt information, including weather and airport
one configured for surface and another configuredfivisories. Itis installed in more than 200 ATCTs

for airborne.) Subsequent sections describe thedgd 25 associated TRACON facilities. SAIDS is

including some ARTCCs, regional FAA offices,

The following paragraphs present the tower anfight service stations, military air bases, and non-
airport surface architecture evolution in more deyovernment facilities.

tail. The architecture diagrams show the content

of each step in a logical or functional representghese systems were not installed under a national
tion without any intention of implying a physicalprogram, and all maintenance is performed
design or solution. through commercial contracts. A mission analysis
_ _ _ is currently underway to investigate the upgrade
24.1.1 Airport Traffic Control Tower Architec- ot sAIDS to NAS standards, establish configura-
ture Evolution—Step 1 (Current-2002) tion control over the system, recognize it as an of-
Figure 24-3 illustrates the first step in the evoluficial FAA program, and integrate it into the
tion from the current ATCT architecture to theFAA's overall NAS maintenance program.

The immediate problem addressed in this step is
establishing a NAS-level maintenance program
or the Systems Atlanta Information Display Sys-
éem (SAIDS). SAIDS is a proprietary display sys-
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Figure 24-3. Airport Traffic Control Tower Architecture Evolution —Step 1 (Current-2002)

AMASS provides alert information to controllersData from all local weather sensors/processors
of potential conflicts between arriving aircraft andterminal Doppler weather radar (TDWR), low-
surface traffic or between aircraft and vehicles oevel windshear alert system (LLWAS), runway
the surface via audible cautions and warning atisual range (RVR), automated surface observing
visual information superimposed on the airporgystem (ASOS), and the airport surveillance ra-

surface detection equipment (ASDE-3) display ifar—model 9 (ASR-9) weather channel) will begin
ATCTs. to be available from the TRACON-installed inte-

grated terminal weather system (ITWS) at 45
AMASS is scheduled for deployment to 34 highhigh-activity airports. From these sources, ITWS
activity airports. Prototypes are currently installeaill provide both tower and terminal service pro-
at Detroit and St. Louis. AMASS requires a oneviders with a set of airport weather products, in-
way interface to receive data from the termindfluding warnings of the most severe forms of
automation system. AMASS processes surveilVindshear, turbulence, thunderstorm, heavy snow,
lance data from the terminal automation systeff'd @rcraft icing potential hazards (see the dis-
(automated radar terminal system (ARTS) and/@GHSsion on weather systems in Section 26, Avia-

STARS), ASDE-3, and the airport surveillance rat-Ion Weather).

dar-model 9 (ASR-9) to define the position, diréCr,nsmission of taxi clearances via data link (the
tion, and velocity of all airport targets. DDTC prototype is currently being evaluated in
Detroit) is expected to be deployed nationally.
During this transition period, PDCs and digital
Qutomatic terminal information services (D-ATIS)

A redefined initial SMA will be implemented as
part of FFP1 CCLD to achieve early benefits t

ATC and NAS users by providing a form of lim-yy - continue to be provided over the aircraft
ited collaborative decisionmaking capability. Spe-

< b : communications addressing and reporting system
cifically, initial SMA for FFP1 CCLD will pro- (ACARS) via ARINC.
vide aircraft arrival information through the ter-

minal automation system (ARTS and/or STARSPDC assists the tower clearance delivery special-
to airline ramp control operators. ist in composing and delivering departure clear-

ances. The automatic terminal information service

During this step, TDW displays procured undefATIS) equipment enables controllers to formu-
the STARS program will begin to replacelate ATIS text messages for delivery. The ATIS
DBRITE displays. text messages are then delivered to flight crews
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Figure 24-4. Airport Traffic Control Tower Architecture Evolution —Step 2 (20032005)

via ACARS data link. An ATIS automatic voicetem for additional airports that do not have
generation function produces spoken broadca#A®SE/AMASS is expected to begin.

using a synthesized voice to read the ATIS Me%he first increment of local data-sharing services

sage. will enable all intrafacility systems to share com-

24.1.2 Airport Traffic Control Tower Architec- ~ MO" data.

ture Evolution—Step 2 (2003-2005) 24.1.3 Airport Traffic Control Tower Architec-

Figure 24-4 depicts the transition during Step dure Evolution—Step 3 (2006-2007)
The TDW will have replaced most remainingThis step begins the enhancement of the local in-
DBRITEs. formation services in preparing for the NAS-wide

. . information network, upgrades the TDWs, and
E-IDS will be implemented to reduce the numbe|F1itiates a next-generation SMA called a surface

of displays and data entry devices. E-IDS uses ?ﬁhnagement system (SMS) (see Figure 24-5).
open system architecture to integrate the function-

ality of SAIDS and ASOS controller equipmentAs local legacy systems are replaced or new sys-
(ACE), centralize the status indicators and contréms developed, commercial data base manage-
of airport lighting systems, eliminate multiplement systems will be used where applicable and
manual panels scattered throughout the tower cdBodels of information for all systems will be
E-IDS will increase the timeliness and quality opased on managed data standards. The NAS-wide
weather, traffic, and system status data for serviggformation network will evolve from local infor-

providers as well as the quality of services for ugnation data exchange to interfacility information
ers. exchange. Structured data will be accessible by

o external applications. The NAS information net-
Based on lessons learned from initial SMA, usekgork will provide information to both users and
and service providers will determine whether naontrollers, taking into account necessary security
tional deployment is beneficial. po"cies and precautions_

New runway incursion reduction capabilities willHigh-activity towers will begin to receive an up-
be implemented to help reduce the possibility ajraded TDW that will accommodate selected ad-
traffic conflicts; this includes additional surveil-ditional data entry and display. The TDW will be
lance, ATC tools, signage, lighting, new proceused to display a mixture of terminal and surface
dures, and increased training. The installation ofiaformation (see Section 23, Terminal). Tower
new surface surveillance/conflict detection syssontrollers will be able to monitor both surface
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Figure 24-5. Airport Traffic Control Tower Architecture Evolution —Step 3 (200622007)

and airborne traffic via integrated surveillanc€SDP), which was described in Section 23, Termi-
displays, configurable to the particular needs afal. Surveillance data from all sensors and sys-
the control position in the tower. Surface traffidcems covering airborne and surface vehicles will
will be displayed with a perimeter “look-ahead’be fused, creating a track file for use by all auto-
for airborne traffic. Airborne traffic may be dis-mation functions. This front-end surveillance pro-

played with an inset for runway and adjacent taxeéessor function will produce a synergetic surveil-

way activity. lance data base, permitting automation functions

A next-generation SMS will be deployed at set-h"?‘t use *best quality” surveillance data for spe-
ific purposes.

lected high-activity airports. The exact features Jf

SMS have yet to be defined, but it will include enThe introduction of the Local Area Augmentation
hanced decision support to aid movement seystem (LAAS) for the Global Positioning Sys-
quencing and scheduling in conjunction withem (GPS) and automatic dependent surveillance
TRACON operations. (ADS) data will greatly increase the accuracy of

mate tower-generated information for transmiscraft traffic

sion to aircraft via data link. The TDLS interfacesl-he enhanced SMS will be fully integrated into

with sources of local weather data and flight datf,?1e automation platform provided by the TDW
and provides PDCs and D-ATIS. upgrade for surface planning and monitoring. The
24.1.4 Airport Traffic Control Tower Architec- ~ SMS will contain information on environmental
ture Evolution—Step 4 (2008-2015) and operational conditions at the airport and send
updates to the NAS-wide information network.
he SMS and NAS-wide information network in-
form service providers of all arrival, surface, and
%i’eparture schedules. The systems also interface
d ai €I&yith surface and airborne surveillance informa-
;OL{Sé and airport emergency centers (see Flgu[rign’ flight information, weather, and traffic man-
-6). agement systems. This data sharing at the airport
In the far term, ATCT surveillance will be pro-allows service providers to coordinate local oper-
vided by the all-digital system that was developedtions with airline ramp and airport operators, im-
from the terminal surveillance data processgroving airport operations. SMS will integrate

Early in this step, airports will have access to t
NAS-wide information network to provide com-
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Figure 24-6. Airport Traffic Control Tower Architecture Evolution —Step 4 (2008-2015)

planning functions, providing an expanded conconveyed by voice will be implemented and may
formance monitoring and probe function thabe transitioned to the tower domain depending on
could data-link an alert directly to the cockpit.  their success. A ground-based processor will re-
. . .ceive a downlinked request from the flight deck,
All these automation systems will support monlE:ompile the requested information, and uplink it

toring, romtmngo,l a.rllldbtm;'r;ﬁ .Oft alrctra(l;t S.Ltjr:f"’;ﬁeto the aircraft for display. Next, data link will fa-
movement and will be Tully integrated wi Ecilitate the downlink of weather and aircraft state-
flight data, traffic management, and local weath

i ) &nd-intent information to improve the prediction
system functions. Surface map displays of autq

! apabilities of decision support and weather sys-
mated surface movement safety and guidance b PP y
formation will be available in both the tower an

cockpit to enhance coordination. 24.2 Summary of Capabilities

Flight data processing will be integrated withThe summary of the tower/airport traffic handling
real-time tower operations. Conflict detection willcapabilities is depicted in Figure 24-7. These ca-
be available for integrated terminal and surfaggabilites will be enhanced by removing con-
operations; the information will be displayed instraints to aircraft movement, from gate pushback
towers and TRACONSs. Finally, improved meterto the runway and from landing rollout to the
ing, sequencing, and spacing aids will be used fgate. Airport surface movement operations and
arrivals and departures, which will increase airfnformation exchange coordination will be facili-
port capacity and improve surface operations. tated by the expanded use of data link capabilities
nd the incorporation of cockpit avionics (e.g.,
PS/automatic dependent surveillance broadcast
ADS-B)) to display airport surface position and

|_
<
o

Data link services in the tower/airport domai
will evolve from services developed for the e

route and terminal domains. Thus, until this step, . LA ) : :
data link services continue to involve only the u cher trafflc_. Th'.s will provide cockpit CTews with .
link of information to aircraft and require no repl mproved situational awareness and conflict advi-

. sories so that they can conduct all-weather, low-
from the flight deck. visibility taxi operations. The NAS will also fea-
As data link evolves, the capability for controllerture enhanced decision support tools designed to
pilot dialogue to communicate strategic and tactimprove planning of airport surface movement,
cal air traffic service messages that are currentbalancing runway arrival/departure demand, and
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Figure 24-7. Tower and Airport Surface Capabilities Summary

sequencing of aircraft by performance type to the Integrating automated operations related to
departure runway. flight data processing, tactical conflict detec-

The integration of tower/surface automation with

tion, and improved spacing and sequencing

the terminal arrival/departure automation systems Increasing efficiency of controller tasks, such

will also help relieve congestion at the runway as departure clearance services, flight plan
threshold by integrating runway demand with op- data access, and landing and taxi control op-
erational capability to handle the airborne and erations

surface traffic load.

» Allocating roles and responsibilities for col-

24.3 Human Factors laborative controller planning and decision-

Human factors efforts in developing prototypes,

making under various system constraints and
alternatives.

conducting simulations, assessing human-system
performance against baselines, integrating work4 .4 Transition

stations, and training for new systems include:

Figure 24-8 depicts the transition to the ATCT ar-
Designing new automation interfaces forchitecture. For a significant period, the current
tower controller traffic management tasksATCT systems will be sustained. The E-IDS will
such as monitoring, routing, and timing surbe deployed to consolidate status and display de-
face movement vices in the tower cab. All high-activity towers

_— will be equipped with IDS, followed by installa-
Establishing methods and procedures for nepy = IqDSppin moderate-activity tov)\;ers. The

enabling technologies, such as voice recognion activity towers will receive the upgraded

tion and syn'Fhetic voice,_t_o reduce. controlle_ﬁ-DW which will integrate the platform for the
head-down time and facilitate routine repet'?najority of applications in ATCTs

tive tasks

Designing the human interface for integrated4-> COSts

displays of information related to weatherThe FAA estimated costs for facilities and equip-
surface movement, arrival and departureent (F&E), operations (OPS), and research, en-
management, and system status gineering, and development (R,E&D) for the
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Figure 24-8. Airport Traffic Control Tower Architecture Transition

tower automation architecture from 1998 througB4.6 Watch ltems
2015 are presented in constant FY98 dollars i'X

Figure 24-9. This excludes costs associated wimTOWer and Airport Surface program (€.g., auto-

, ation, information display system (IDS),
DBRITE replacement in the STARS program (segpyys) is needed. The ATCT enhancements are

Section 23, Terminal), LAAS landing systemsyighly dependent on developments in other do-
(see Section 15, Navigation, Landing, and Lightmains. The FAA recognized the need to assess its
ing Systems), or weather systems (see Section 2ility to implement and integrate the DSSs on

Aviation Weather). the tower displays, and that there is yet to be any
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Figure 24-9. Estimated Airport Traffic Control Tower Automation Architecture Costs
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commitment made to implementing these capabil-
ities. Surface movement guidance and control re-
quire significant integration to provide the needed
services without distracting from the need to keep
most of a controller’s workload focused on visu-
ally observing traffic.
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25 HIGHT SERVICES

FAA flight service stations (FSSs) provide accuvices (for a fee) in the near term. As pilots be-
rate and timely aviation weather, aeronautical ircome more self-reliant, the number of specialist-
formation, and flight planning assistance to conprovided, preflight transactions (briefings and
mercial, general aviation (GA), and occasionallflight plan filings) will decline. The rate of de-
military pilots. Most military flight plans are en- cline cannot be predicted, but GA use of direct
tered into the NAS by military base operationsiser access terminal (DUAT) service has grown
(MBO) interfaces with FSSs. Disseminating thisteadily. In addition, the trend for states to con-
information is critical to safe and efficient operatract with commercial vendors to supplement
tion of the NAS. Functional enhancements inFSS-provided services is likely to continue.

clude the following capabilities: _ _ _ _
_ -~ _ _ 25.1.1 Flight Services Architecture Evolution-
* Increase pilots’ ability to access informationge 1(1998)

via automation sources, both prior to fIightC v, fliah . ided i .
and while airborne urrently, flight services are provided to pilots via

- o any one of the 61 automated flight service station
* Enhance the ability of FSS specialists to UtitAFSS) facilities or remotely via the DUAT ser-
lize current information (i.e., notices to air-yice in the continental United States. Addition-

men (NOTAMs) and hazardous weatheglly, 14 manual FSS facilities are located in
advisories) when briefing or assisting pilots aj|aska.

* Modernize communications while retainingrhe flight service automation system (FSAS)
in-flight voice services and associated infrayjodel 1 Full Capacity (M1FC) system was de-
structure as a governmental function ployed in the late 1980s. The FSAS consists of:

* Provide access to a NAS-wide information
network for obtaining and distributing flight-
specific data and aeronautical information

Two aviation weather processors (AWPSs) that

supply a uniform set of global flight planning

and alphanumeric weather data

* Provide interactive aids that improve the
user’s ability to execute flight plans, thereby
facilitating a more collaborative role for users
in obtaining NAS information, such as speciat User access to weather briefings and flight
use airspace (SUA) status, and traffic density ~plan processing via DUAT service.

« Standardize domestic and international flighf\s the original FSAS system offered limited ca-
and weather information. pabilities, it was later augmented with a graphic
In the future, the responsibility for NAS flight\’veat.her display system (GWDS) and the_ DUAT
services will be shared between the governmea'lervIce to sup_plement pilot access to the informa-
and the private sector. Efforts are currently unde on available in the FAA automation systems.
way to further define the services provided bgZurrent preflight and in-flight service functions

FSS specialists and the private sector. include:

Approximately 1,500 flight service position
consoles used by FSS specialists

25.1 Flight Services Architecture Evolution * Filing instrument flight rules (IFR), visual

Today, pilots can obtain services directly from an flight r_ules (VFR), and de_fense (military) vi-
FSS via telephone or by using personal computers sual flight rules (DVFR) flight plans

to obtain weather and preplanning services from Providing VFR flight following, and initiat-
commercial or FAA systems. A number of states ing and coordinating search and rescue (SAR)
and localities provide this arrangement via self- activities

service kiosks, which provide remote, automated
access to everyone, as well as convenient on-air-
port access by pilots. Commercial enterprises widl Providing user access to weather briefings
continue to be active in providing preflight ser- and flight plan processing via DUAT service

Providing broadcast messages
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Figure 25-1. Flight Services Architecture—Step 1 (1998)

* Disseminating NOTAMs with a graphical user interface, enabling auto-
* Processing and disseminating pilot reportrs,n‘r’lte.d information retrieval while enhe_mcmg pro-
Cessing and storage performance. Initially, OASIS

(PIREPS) : - )
provides greater coordination and checking of
* Providing emergency services flight plans with the Host/oceanic computer sys-

» Providing other services as requested. tem replacement (HOCSR).

Figure 25-1 depicts the current flight services arthe FAA is undertaking an initiative called Safe
chitecture. The ensuing architecture discussidrlight 21 to demonstrate and validate an inte-

addresses changes within the FSAS structure. grated set of capabilities leading to Free Flight.
An overview of Safe Flight 21 is provided in Sec-

25.1.2 Flight Services Architecture Evolutior- tion 6, Free Flight Phase 1, Safe Flight 21, and
Step 2(1999-2005) Capstone. Flight information services (FIS) trans-
Almost immediately i Step 2, the Operationalmits noncontrol information such as weather data,

and Supportability Implementation System (OANOTAMs, and SUA information. Safe Flight 21
SIS), a new commercial-off-the-shelf (COTS)_demonstrann va_hdatlor_]s_(DEMVALs)_ for FIS
based capabilities system, will replace the exis@nd weather services will involve specific opera-
ing AFSS automation (i.e., FSAS). OASIS wiltional improvements fqr different aircraft types
allow pilots to self-brief and to file flight plans di- 0Perating at various altitudes under IFR and VFR
rectly. For those pilots unable to self-brief or whdight plans. The DEMVALs will also include the
require direct contact, flight service specialist§nPact of FIS/weather data link on air traffic con-
will be available. OASIS will be provided as aglrol procedures, pilot-controller responsibility for
leased service and includes a reliable, open sy§vere weather separation, and collaborative deci-
tems compliant hardware and software systefionmaking. Weather support to Safe Flight 21

configuration. Figure 25-2 illustrates the near¥ill be provided by the weather and radar proces-
term, Step 2 architecture for flight services. sor (WARP) and OASIS and tailored in accor-

. o ~ dance with each DEMVAL.
OASIS contains significant computer-human in-

terface (CHI) improvements that provide stanAs pilots become more self-reliant and depend
dardized products to both the specialist and the péss on direct contact, in-flight services (e.g., in-
lot. The existing FSAS display will be replacedlight weather support, VFR flight following, and
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Figure 25-2. Flight Services Architecture—Step 2 (19992005)

search and rescue support) will ultimately becomé&ccess to and retrieval of flight planning informa-
the principal focus of the flight service specialist.tion will be continuously available to users and
service providers via the NAS-wide information

Late in the period, enhanced local informatiometwork. The following information will be avail-
sharing will be implemented in OASIS to providegple:

data storage and data sharing according to the c SUA
NAS-Wide Information Service (see Section 19, current status
NAS Information Architecture and Services for  Current NAS infrastructure status

Collaboration and Information Sharing). » Predictions of traffic density based on the cur-

rent flight trajectories filed and active in the

25.1.3 Flight Services Architecture Evolutior- system

Step 3(2006-2015) o
. Current or planned route structure revisions
Retrieval of information in AFSSs will be quicker needed to alleviate demand imbalance or

as the ability to exchange information with other avoid hazardous weather.

facilities matures by the middle of Step 3 (segy the middle of Step 3, flight service automation

Figure 25-3). In this step, flight plans will be re--> ) . .
placed by the flight object (see Section 19 for ady'” be fully integrated into the NAS-wide infor-

ditional details about the flight object). The flightMation network (see Figure 25-3). Access to

object contains the pilot's known flight path oflight planning and flight filing information by us-

profile, the discrete identification code, and all inSrs will be via this network. FSS specialists will

formation necessary to initiate SAR if neeoleolorovide information to aircraft in flight, as neces-

This information is available throughout the>2": predominately via data link.

NAS. For aircraft equipped with satellite navigaConnectivity between the AFSS and other facili-
tion systems and using ADS-B, the NAS-wide inties will migrate to the NAS-wide information

formation network will have the capability to au-network. The integrated communications switch-
tomatically identify a successful landing, close &g system (ICSS) infrastructure will transition to
flight plan inadvertently left active in the systemgigital technology and the voice switch replace-
or provide last known position ment system (VSRS). Air-ground voice commu-
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Figure 25-3. Flight Services Architecture—Step 3 (20062015)

nications will be provided via the next-generationteria for implementing the time-based trajectory
air-ground communications system (NEXCOMJlight profile (flight object) that will eventually
operating in analog mode. Transition to digitateplace the flight plan.
mode will depend on user equipage (see Section o
17, Communication). 25.2 Summary of Capabilities

. _ . OASIS replaces obsolete FSAS equipment and
As the flight plan is formulated, the planner willsoftware. It also incorporates the functionality of
reference the network data base for informatio§yAT service and GWDS. Commercial enter-

about current and predicted weather conditiongyises will likely continue to be active in provid-
traffic density, restrictions, and status of SUAsng preflight services for a fee.

When the flight plan is filed, it is automatically _ _ o
checked against actual and predicted NAS condiith full implementation of the NAS-wide infor-

tions. Potential problems will be displayed autotation network, NAS users everywhere can ac-
matically to the planner or user and flight plan a/c€ss distributed data bases of weather, NOTAMs,

ternatives will be provided. SUA information, and the flight object. By virtue
of making the distributed data bases readily ac-
During the middle of Step 3, flight service re<essible, this network greatly enhances various
search efforts will be implemented as OASIS i§SS functions such as route de-conflicting, self-
upgraded. These tools include decision suppdetiefing, and SAR services. In this flight services
systems (DSSs) to assist preflight planning arafchitecture, users and providers rapidly acquire
suggest alternate routes in the event of hazardcay information they need, and flight services be-
weather, conflicts with SUA use, and in responseome a shared responsibility of the flight service
to NOTAMs and other NAS constraints. Researcgpecialist, the pilot, and commercial vendors. Fig-
initiatives realized during this period involve im-ure 25-4 summarizes the evolution of flight ser-
provement of SAR support services by incorpo¥ices capabilities.
rating aircraft identification and position received
from an emergency locator transmitter (ELT), ref2>-3 Human Factors
erenced to the Global Positioning System (GP$Jight service functions are not expected to
into NAS data bases, enhancing SAR supporthange dramatically as new information automa-
Other research efforts will help determine the cridion systems are put into service. However, there
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OASIS 10C replaces aging FSAS equipment (M1FC and GWDS)

DUAT service contract ended— functionality incorporated into OASIS

Phase Out
DUAT
Service

OASIS networked locally (and to other OASIS sites)

NAS-Wide
Information
Sharing

Local
Services

OASIS and AFSS integrated into external network

Figure 25-4. Flight Services Capabilities Summary

will be a change in the specialists’ focus toward
providing services to those without direct access
and those needing additional assistance. While
the introduction of OASIS is expected to imprové

the human interface and eliminate many of the
problems encountered with the current system,
future systems will provide flight service special-

ists and users with enhanced situational awarg-
ness by increasing the quality of service provided.
The human factors effort will ensure that special-
ists have the required information displays and
distribution tools, training, and procedures to en-
hance flight services. This effort will focus on: *

* Improving automation capabilities for pilots
to receive and use critical flight and weather

information from multiple NAS facilities, es-
pecially when airborne

Designing information displays and distribu-
tion methods and procedures to increase pi-
lots’ (and flight service providers’) situational
awareness and interpretation of available data

Coordinating human factors standards for dis-
play and distribution among international ele-
ments to harmonize aeronautical information,
flight trajectory data, and traffic density

Conducting simulations to devise procedures
(and training) for real-time trajectory infor-
mation updates for improved traffic predic-
tion and management

08 99 00 0 0 0 04 0 0]¢ 0 08 09 0 4
Phase 1 Phase 2 Phase 3
Step 1] Step 2 [ Step 3
DUATS
OASIS

OASIS VT

M1FC

GWDS
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State and Local Subsidized Services: Preflight Weather Briefings and IFR and
VFR Flight Plan Filing (Modest Growth as State Initiatives Expand)

Commercial Providers: Preflight Weather Briefings and IFR and VFR Flight Plan Filing (Modest Growth Expected
as Value-Added Providers Add Products and Improve Access)

Figure 25-5. Flight Services Transition
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Figure 25-6. Estimated Flight Services Automation Costs

Designing error-tolerant decision support FSAS is fully integrated into the NAS-wide
tools and interactive aids that facilitate user information network.

collaboration in obtaining and using NAS

flight planning and flight profile information. 25.5 Costs

The FAA estimates for research, engineering, and

25.4 Transition development (R,E&D); facilities and equipment

The flight services transition is depicted in Figur
25-5. The major transition milestones are:

F&E); and operations (OPS) life-cycle costs for
ight services from 1998 through 2015 are
presented in constant FY98 dollars in Figure

Existing M1FC/GWDS is replaced by OA-25'6'

SIS 25.6 Watch Items

DUAT service is phased out as its functionallmplementation of OASIS will enhance pilots’
ity is incorporated into OASIS. ability to self-brief and file flight plans directly,

which will require a reevaluation of the roles and
Local information services are enhanced. responsibilities of FSS specialists.
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26 AVIATION WEATHER

Weather information services are critical to NASlition, communications enhancements (i.e., flight
safety and efficiency. According to the Nationalnformation services (FIS) data link) will improve
Research Council (NRC) repbron Aviation the data exchange between the ground and the
Weather Services, from 1988 to 1992 one-fourtbockpit.

of all aircraft accidents and one-third of fatal acci- . )

dents were weather-related. The 1996 Nall R&S-1 Weather Architecture Evolution

por states that 69 percent of all weather-relatebthe NAS weather architecture optimizes the ca-
general aviation (GA) accidents resulted in fatalipability to collect and process weather data, pro-
ties. The 1997 Aviation Capacity Enhancemenvide current and forecast conditions of hazardous
Plan reveals that from 1992 to 1996, advergand routine weather, and disseminate that infor-
weather was a major factor affecting NAS capadnation in text and/or graphical formats to all NAS
ity, accounting for 72 percent of system delaygsers and service providers. NAS users include
greater than 15 minutes. pilots who receive preflight and in-flight weather

nformation, flight planners, air traffic control

Aviation weather capabilities in the NAS mus L -
; . ATC) specialists, airline and vendor meteorolo-
undergo major changeghe changes will convert . - . . .
gists, and airline dispatchers. Service providers

today’s weather architectureconsisting of sepa- : :
. ’ include ATC personnel, traffic flow managers,
rate, stand-alone systemto one in which future . : T : N
nd flight service specialists. This capability en-

weather systems are fully integrated into the NA% nces safety and capacity by bromoting common
under the weather server concept (single-source Y pacity by p 9

data shared with all systems). The weather arct?i'—uatlonal awareness.
tecture evolves further as it progresses from Ehe NAS weather architecture features an evolu-
“weather server” concept (serving primarily thdion to fully integrated systems enhanced by the
en route and terminal domains) to one that supiaturation of the NAS-wide information service

ports all NAS users, with the implementation ofsee Section 19, NAS Information Architecture

the NAS-wide information service. Integrationand Services for Collaboration and Information
into this information exchange allows the weathe$haring).

architecture to exploit communications enhancgag \eather architecture systems are catego-
ments and provide near simultaneous delivery o

ed as either (13ensorsand/ordata source®r
weather data and products to both users and saj processing(?nd displaysystems In some
vice providers.

cases, a system will process and display data and
As a result, NAS providers and users receive ttaso be the source of weather data for other NAS
same hazardous weather information (with sysystems (e.g., ITWS). The four-step evolutionary
tem-tailored depictiondimultaneouslyenhancing process for implementing the NAS weather archi-
common situational awareness. This facilitatei®cture is discussed in Sections 26.1.1 through
collaborative decisionmaking for traffic flow 26.1.4.

managers, controllers, flight service specialists, ) )

and pilots. This is accomplished by two newt6-1.1 Weather Architecture Evolution—Step 1
weather systems that convert multiple sources 6§998)

“raw” weather data into meaningful information:The current weather architecture is depicted in
the integrated terminal weather system (ITWSjigure 26-1. This diagram and the following
and the weather and radar processor (WARR)eather architecture diagrams are generic depic-
These systems act as weather servers providitigns of NAS facility/subsystem connectivity. In
information to other subsystems and users. In atihe upper left section of the diagram are the

|_
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1. “Aviation Weather Services, A Call for Federal Leadership and Action,” National Aviation Weather Services Committee, Aero-
nautics and Space Engineering Board, Commission on Engineering and Technical Systems, and National Research Council
Report, National Academy Press, Washington, D.C., 1995, p 10.

2. Nall Report, Accident Trends and Factors for 198Be Aircraft Owners and Pilots Association Air Safety Foundation, 1996,

p. 13.
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Figure 26-1. Weather Architecture Evolution—Step 1(1998)

weather sensors that collect the raw data. At tlgeenerates and sends lightning activity messages to
lower left section of the diagram are the outsid@WOS and ASOS for reporting use.

?genctl_es ihihprﬁ\gg?t;hel\lm?p”?’vaf V\t/ﬁathser Mhe next-generation weather radar (NEXRAD)
ormation to the € National Vveather Ser- provides a variety of weather data, in the areas

vice (NWS) and the National Environmental Sat: - - o
eliite, Data. and Information Service (NESDIS)Covered’ including layered radar reflectivity data

X : ssociated with severe weather such as tornados
The NWS and NESDIS are of_flces of the.Nathnaind hail, areas of precipitation, wind speed and
Oceanic and Atmospheric  Administration

(NOAA). In the center of the diagram are théjwectlon, and turbulence.

weather switches, which the FAA uses to trang-he ground-based low-level windshear alert sys-
port data. The weather processors are also iigm (LLWAS) and the terminal Doppler weather
cluded in the center section. Finally, on the righiedar (TDWR) detect localized windshear phe-
side of the diagram is the ultimate user of theomena such as microbursts, while windshear de-
data. In the diagrams, the flow of weather data i€ction systems on commercial jetliners provide
from left to right as it moves into and through théirborne detection. In the terminal area, thunder-

NAS. storm information can be inferred from TDWR
and by primary airport surveillance radar (ASR),
Sensors and Data Sources as well as by NEXRAD. In the en route environ-

Weather data are obtained from ground—baséﬁem’ v_veather radar_data from NEXRAD, pri-
ary air route surveillance radar (ARSR), and

sensors, aircraft sensors, and commercial vendofs: . o .
Surface observations are generated manually gﬁrDN are used to provide this information.
observers or automatically by the automateNOAA support includes observations (surface
weather observing system (AWOS) and autand aloft), aviation advisories such as significant
mated surface observing system (ASOS). Theeteorological information (SIGMET) and air-
AWOS data acquisition system (ADAS) collectsmen’s meteorological information (AIRMET),
processes, disseminates, and archives obserterminal and en route forecasts, radar data, and
tions from AWOS and ASOS for local and nasatellite data. The National Center for Environ-
tional distribution. Using data from the Nationaimental Prediction (NCEP) is a collection of NWS
Lightning Detection Network (NLDN), ADAS centers that are responsible for atmospheric

26-2 — AVIATION WEATHER JANUARY 1999



ARCHITECTURE — VERSION 4.0

model development and forecast output. NCEP3, Terminal). Three terminals (Dallas-Ft. Worth,
models provide analyses of current weather aMemphis, and Orlando) currently have an ITWS
forecast weather parameters such as wind aptbtotype. National implementation of ITWS will
temperatures aloft, which are required by NA®egin in Step 2, providing short-term forecasts of
users. The NWS distributes the data to vendotsrminal-impacting weather to controllers in
who provide these data to the FAA. TRACONS and towers.

The NWS’s Aviation Weather Center (AWC) usest the Air Traffic Control System Command Cen-
a computer model to generate forecasts of aviger (ATCSCC), weather data are obtained from
tion hazards such as icing. The AWC workshe aircraft situation display (ASD), NEXRAD,
closely with both the FAA Aviation Weather Re-and command center WARP briefing terminals.
search (AWR) Program and air traffic operationklight service specialists use the flight service au-
to improve forecasting tools. The AWC’s foretomation system (FSAS), consisting of the Model
casts of aviation-impact variables (icing, turbui Full Capacity (M1FC) (see Section 25, Flight
lence, and convective activity) mitigate the effecervices) plus the interim graphic weather display
of hazardous weather on the NAS. A large portiogystem (GWDS).

of weather data used within the NAS is produced o

or collected by NOAA (i.e., NWS and NESDIS).The weather message sw_ltchlng center replace-
Additionally, most third-party weather productsent (WMSCR) is the primary NAS interface

find their origins in NWS-provided data and modWith the NWS telecommunications gateway
els. (NWSTG) for the exchange of aviation alphanu-

_ _ _ meric and limited gridded weather products.
The FAA uses terminal weather information fofyMSCR collects, processes, stores, and dissemi-
pilots (TWIP) to provide commercial pilots with nates aviation weather products to major NAS

direct access to limited weather information vigystems, the airlines, and international and com-
the aircraft communications addressing and renercial users.

porting system (ACARS) data link. This enables _ o
p”ots Of equipped aircraft to VieW a rough dep|cWMSCR a|SQ pl’OVIdQS Storage and dIStI’Ibutlon Of
tion of hazardous weather that is similar to thdomestic notice to airmen (NOTAM) data and re-
ones displayed to the tower and the terminal radifeval of international NOTAMs through the
approach control (TRACON) controllers, greatlyconsolidated NOTAM System. WMSCR receives
improving common situational awareness. cuiveather and NOTAM information from the DOD
rently, TWIP is available only from TDWR sites. Via the Automated Weather Network (AWN); se-
vere weather information from AWC; observa-
Processing and Display tions from ADAS and the U.S. Air Force’s auto-

Weather information is processed and displayéﬂated weather information distribution system
in the various ATC facilities through separatéAWIDS); international data via the aeronautical
weather systems. In air route traffic control cerfixed telecommunication network (AFTN), and
ters (ARTCCs), these include the WARP Stage \§eather information from WARP and FSAS
and the NEXRAD principal user processor, whiclrough the aviation weather processor. The WM-
are used by meteorologists in center weather s&CR is also an integral part of the operational al-
vice units (CWSU) and traffic management unit2hanumeric product backup for the NWS's auto-
In control towers and TRACONS, informationmation of field operations and services (AFOS)
from TDWR, LLWAS, and ASOS are usua"ycommunications network when the NWSTG is
provided on separate displays. Some integratidfpnoperational.

f weather data int tomation tem rrent . .
gxist(?sa a: ?haéahc); ago?npitgr ?rlicisssecsu A?R .1.2 Weather Architecture Evolution—Step 2
weather data that are displayed in two intensil@}ggg_zooz)

levels to en route controllers (see Section 21, Efhe weather architecture completes the deploy-
Route). Additionally, the automated radar termiment of two major systems during this time pe-
nal system (ARTS) displays ASR reflectivity dataiod, WARP and ITWS (see Figure 26-2). WARP
to TRACON and tower controllers (see Sectiowill undergo software upgrades and produce re-
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Figure 26-2. Weather Architecture Evolution—Step 2 (19992002)

gional and national mosaics of NEXRAD dataTDWR upgrades include improvements to gust-
These mosaics will be displayed on display sy$ront algorithms and equipment modifications.
tem replacements (DSRs) to controllers. WARP o

will also interface with the Operational and Sup#S Part of the NAS modernization schedule, the
portability Implementation System (OASIS) and™AA will implement Free Flight Phase 1 Core Ca-

NAS automation systems, such as the User Rg@bilities Limited Deployment (FFP1 CCLD) as a

quest Evaluation Tool core capability limited delisk-mitigation effort for subsequent national de-

ployment (URET CCLD) and the Center TRA_ponment of various automation systems designed

CON Automation System (CTAS) traffic manage-tO provide user benefits. WARP will support

ment advisor (TMA). ITWS will be implemented URET CCLD by providing forecasts of gridded

during this period and provide enhanced termin:‘a’ffmd and temperature data fields for trajectory

alculations. Other FFP1 CCLD automation sys-
weather data forecasts to tower and TRACO ms requiring weather data include the CTAS

. . _T)?—'AST used by terminal controllers and traffic
at 45 TDWR-equipped airports. ARTCC traﬁ'cmanagers, and the TMA used by en route control-

managers will have an ITWS situation display eNers and traffic managers. WARP Stage 3 imple-
abling them to track storm activity at major air-

. Rt i mentation will be accelerated to provide this sup-
ports and to facilitate coordination with the TRA'port.
CONs and major hubs.

_ _ ~ As part of the FAAs flight information services
Other changes include the following: CONVersiopE|S) policy, the FAA will approve the basic
of the NEXRAD radar product generator (RPG)yeather data that a commercial service provider
to an open systems architecture; implementatiq@|| provide to the cockpit. FIS provides the
of the FAA bulk weather telecommunicationsyeather information needed by pilots to operate
gateway (FBWTG); deployment of OASIS; andsafely and efficiently. The National Aeronautics
fielding of the airport surveillance radar-weatheand Space Administration (NASA) and industry
systems processor (ASR-WSP). ASOS and thge engaged in joint research to provide “weather-
ASOS Lightning Detection and Reporting Systenn-the-cockpit.” NASA will expend considerable
(ALDARS) deployment will be completed. research funds to develop aviation weather infor-
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mation systems to provide current data to airlinEhere are a number of developmental projects

and general aviation aircraft. sponsored by the AWR Program that are ready for
implementation during this time period.

Sensors and Data Sources

The FAA will continue to obtain weather dataProcessing and Display

from internal and external sources in Step 2. CWyithin the weather architecture, ITWS and
rent FAA sensors will be upgraded or replaced fayARP will function as NAS weather servers—
sustainment. Airborne observations will improveyARP in the en route domain and ITWS in the
as the airlines equip additional aircraft witherminal domain. As weather servers, WARP and
weather sensors and increase the number of paws “ingest” NWS computer model output, as

rameters reported (such as humidity and turbwell as acquire and process data from sensors
lence). NOAA will be the source of various datagch as the NEXRAD and TDWR.

including gridded forecast data from the NCEP _ _
(i.e., the Environmental Modeling Center (EMC)These servers then generate and disseminate
and the AWC) satellite data from NESDIS, adveather products to the NAS automation systems,
well as forecasts and observations from Nwsuch as CTAS TMA and enhanced traffic man-
Weather Forecast Offices. Some “value-addedgement system (ETMS). These systems use 3-di-
products continue to be provided by vendors. TH8ensional wind and temperature forecasts, as
WMSCR continues to receive and transmit mucWell as convective weather data, to project activ-

of the alphanumeric weather information. ity and traffic flow and to allow for a more effi-
cient use of airspace. Wind forecasts are used by

The FAA upgrades the basic weather sensof§reT CCLD to facilitate sequencing of air traffic
leading to improved reliability, increased acCupy en route controller teams.

racy, and superior maintainability. An example of

this refinement is the NEXRAD system upgraddTWS will be deployed by the end of Step 2.
The NEXRAD network is upgraded to an opehTWS improves safety by providing a windshear
systems architecture with new hardware, sofénd microburst prediction capability in the termi-
ware, and a modular configuration. The upgradegl area and improves management of runway re-
to the NEXRAD radar product generator (RPG¥ources when convective storms and gust fronts
increases processing capabilities and accuraate present. Terminal controllers and traffic man-
and improves both reliability and maintainabilityagers can more efficiently sequence aircraft in
The upgraded system incorporates more compléxd out of terminal airspace by using wind shift
algorithms. As science advances its understandipgedictions.

of meteorological processes tha_t affect thsttlorI\TWS provides information on significant
new products and services will be added t\%

: ) eather associated with severe storms and facili-
NEXRAD. ASOS will receive sensor and ProCeS: tes routing aircraft around hazardous weather by
sor upgrades, thereby enhancing its capabilities

‘processing data from LLWAS-3, TDWR, airport
The AWC disseminates forecasts of weather agurveillance radars (ASR-9), and NEXRAD.
fecting aviation operations to the NAS in a gridLLWAS-2 will continue to provide windshear and
ded format. This gives NAS systems the capabiticroburst information at those terminal sites
ity to display aviation-impact variables, such agbout 39) without TDWR and ASR-WSP. ITWS
icing, in a format that is advantageous to userwill process the six-level weather data from the
For instance, a SIGMET report will no longer béASR-9 to remove anomalous propagation and
available only in text format with an area locaground clutter. Removal of anomalous propaga-
tion, but will also be provided in gridded dataion and ground clutter from controller displays is
fields. This allows the location and extent of th@ssential, as it is often indistinguishable from ac-
significant (or hazardous) weather to be displayddal weather. Initially, ITWS data will be dis-
graphically in four dimensions (including time).played to terminal and tower controllers on sepa-
The AWC also provides forecasts of convectiveate displays. TWIP functionality will be moved
activity, icing, turbulence, and AIRMETSs as gridto ITWS and enhanced by adding ITWS data to
ded data fields. improve the accuracy of available weather infor-
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mation. TWIP will expand to include ASR-WSPlevel weather data and provides windshear and
sites at the end of this period. microburst products similar to TDWR.

As the en route weather server, WARP process@SR-WSP supports airports without a TDWR
and displays NEXRAD data for use by ARTCGhat need improved windshear and microburst de-
controllers and meteorologists. WARP creates tgction capability. Like TDWR, ASR-WSP will
regional NEXRAD mosaic that is also provided tdProvide a TWIP capability, thereby extending the
the ATCSCC and other facilities. WARP will in- area coverage of windshear systems providing
corporate NWS higher-resolution forecast datalata to pilots.

Wh'Ch. W'” Improve f‘.’FecaSt accuracy. Another26.1_3 Weather Architecture Evolution—Step 3
benefit is the capability to provide controllers§2003_2008)

with time and position data on moving weathe _ ) _
systems for traffic planning and flow control. ~ Early in Step 3, WMSCR will be upgraded to im-
prove capacity and enhance its capabilities.

The new automation systems being deployed yARP will provide weather data to Multi Center
the FAA require the NWS's improved, higher-resTMA and DA. The major change in Step 3 will be
olution forecast data. The FAA is working closelythe interface to the NAS-wide information net-
with the NWS to develop the FBWTG. The FBwork, which begins late in this step (see Figure
WTG (see Figure 26-2) will enable the high-26-3); for more detailed information, see Section
speed transmission of high-resolution, griddedlg, NAS Information Architecture and Services
weather forecasts between the NCEP and th& Collaboration and Information Sharing. This
NAS. The planned deployment of the first phasgetwork will allow weather systems in the termi-
of the FBWTG is early in Step 2. nal and en route environments to freely share data

In addition to the current LLWAS and TDwWRand products.

sensors, a weather system processor (WSP) é-this time, the FAA will make NAS status and

hancement for the existing ASR-9 will be deexisting weather data available to private data link
ployed, adding a windshear and microburst deteservice providers for the development of FIS
tion capability. The ASR-WSP processes the siproducts. Commercial providers may make basic
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ARCHITECTURE — VERSION 4.0

FIS products available, at no cost to the goveriweather-in-the-cockpit products transmitted via
ment or the user, and may make “value-addedFlS in this time frame may include improved

products available for a fee. weather radar information, hazardous weather ad-
visories, observations and forecasts, winds and
Sensors and Data Sources temperatures aloft, gridded forecast data, and pi-

NEXRAD will continue evolving to an open sys-0t reports (PIREPs). These data are tailored to
tems architecture through the upgrade of the radiovide a “high-glance” value display of signifi-
data acquisition (RDA) module. The NWS willcant weather alpng the fllght_path. Different types
continue to improve the accuracy of the foreca§f users can still expect varied levels of support;
models used by the FAA. New products, inclugfull graph!cal dlspla_y of high-resolution data in
ing the predictive locations for hazardoudhe cockpitis the ultimate goal.

weather, are being introduced into NEXRAD, ang{ey algorithms will transition to the NWS for in-
improvements in AP removal algorithms contingorporation into their forecast models. A new ic-

ues. ing forecast technique is scheduled to be incorpo-
The NWS will continue to upgrade current senrated into AWC's SIGMET and icing forecasts.

sors, thereby enhancing and expanding the Cap%(jditionally, the NAS will receive finer resolu-

bility to automatically provide accurate observallon data from the NWS, thereby improving
ITWS and CTAS pFAST products.

tions. Lightning detection will be improved to in-
clude all forms of lightning, not just the currentas the NAS-wide information service is deployed
cloud-to-ground strikes. Aircraft functioning asand as new methods of distributing weather data
sensors of weather data will become a key elgevelop, WARP will transition away from its role
ment in improving the accuracy of weather foreas an en route weather server within the ARTCC.
cast models and will validate new algorithms. WARP and ITWS will remain collectors and pro-
cessors of data, but will require less direct inter-

The NAS-wide information service will enablef ¢ " ith the imol i ;
the FBWTG to interface more effectively with the aces 1o user systems wi € Impiementation o

NAS. Weather satellite data will also be availablurar.]e mform_anpn exchange service. I_Dats_t will re-
via the FBWTG. sSide on distributed data bases, so it will not al-

ways be necessary to directly interface with
Processing and Display ITWS or WARP—only with the information ex-

_ change network.
The ITWS will undergo a technology refresh that

incorporates weather satellite data and imple6.1.4 Weather Architecture Evolution—Step 4
ments algorithms for vertical windshear, stornf2009-2015)

growth and decay, icing aloft in the terminal arégyr\vis and WARP will continue to produce new

".‘"‘."ght Icing, aﬂ.d runway ylsual fange (RVR)/and improved weather products to support other
visibility and celllng_pr_edlctlons._'!'he goal is to AS systems (see Figure 26-4). As the demand
expa”d ITWS predictive capability beyond 3 or products continues to grow and become more
allows ITWS enhancements to be used at mg@omplex, these systems will evolve. In addition,
terminals. Some ITWS algorithms could be use{ﬁ)e WARP hardware will be replaced and new al-

: : gor orithms will be added, increasing its capabilities.
at second-level airports running on a local proce s the NAS-wide information service matures, it

sor or an ITWS variant. ITWS data will be dis- ill incorporate the WMSCR functionality.

played to controllers on the Standard Terminal
Automation Replacement System (STARS) workWeather-in-the-cockpit will be improved as new
stations in TRACONs and towers as part of thproducts are able to be transmitted via the FIS
STARS preplanned product improvemengl(P data link. These products include freezing level,
ATCSCC traffic managers will receive ITWSwake turbulence, ceiling/visibility, and volcanic

data, enabling them to track storm activity at maash cloud forecasts. The addition of the gridded
jor airports and to facilitate coordination withproducts from ITWS and WARP will require

TRACONS and major hubs. higher bandwidth d